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THE NEW No.5841 
Subminiature 


CORONA REGULATOR 


CHARACTERISTICS 






0.C. Starting Voltage........4- (max.) 930 Volts 
0.C. Reguiating Voltage.....ccceccves 900 £15 Volts 
Regulated Current Range....s.eeseeees 2-50 pa 
Voltage Regulation (2-50 wa)...(max.) 1.5% 
Cite vaxcincsscsneeiaccseeees (min.) 1000 hrs. 
RATINGS 
Regulator Current. ..ccccccccccccccccccsescece (max. ) 50 pa 
Relative Wumidity..cccccccccccccccccccccccece (max.) 100% 
Ambient Temperatures... ...c.ceeeeseecceccees Focece eee -65°Cto100°C. 









The 5841 sub-miniature corona regulator now in production is another 
Victoreen component developed to make fine instrumentation finer. 
The regulator supplements other specially designed electron tubes 
required in radiation measurement and in the broader field of 


laboratory instruments. 
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Tube Typical Volts Volts Volts | pa umhos Grid current 
Type Service Ec, Ec, Eb ib y Gn Signal grid 
*5800 ** Elec- 
trometer 43.4 a7 4.5 12 ' i5 3xio7!5 
Tetrode 
*5803 Elec- 
trometer | -1.7 ---- | 47.5 | 100] 2.0 | 150 1o7!# 
& D.C. Amp. 
"5828 | 0.C. Amp. | 1.0 o--- ws | 250 | 17.5] 450 10~9 
. ... and a complete line of counter tubes including the 
universally used 1B85, the 1B67 end window mica window 
tube, gamma ray counters, and sub-miniature counter 
tubes ... not forgetting Victoreen hi-meg_ resistors Write for 
vacuum sealed in glass, values 100—10,000,000 megohms. data sheets 


Victoreen 


5806 HOUGH AVE. « CLEVELAND 3, OHIO 





ee ke kk ee ee a ee 








FEBRUARY - 1950 


NUCLEONICS Vol. 6, No. 2 


Techniques and Applications of Nuclear Science and Engineering 


Pile Neutron Research Techniques—I... 5 
D. J. HUGHES 


AEC Technical Information Program. . .18 
A. F. THOMPSON and JOHN H. MARTENS 


Desirable Improvements in Nucleonics Instruments. . .26 
J. B. H. KUPER 


Luminescence Measurement of Roentgen Dosage. . .34 
BENEDICT CASSEN and LAWRENCE R. CURTIS 


A Proportional Counter X-Ray Spectrometer. . . 
W. BERNSTEIN, H. G. BREWER, Jr., and W. RUBINSON 


Calculations for Maximum Permissible Exposure to Thermal Neutrons... 
WALTER 8. SNYDER 


How to Compare Counters... 
ALEXANDER THOMAS 


Engineering Aspects of Nuclear Reactors—lll. . . 
L. A. OHLINGER 


Conference on Industrial and Safety Problems. . . 


Neutron Spectroscopy for Chemical Analysis—ll... 
W. W. HAVENS, Jr., and T. I. TAYLOR 


EDITORIAL. . 2 CROSS SECTIONS 
REFLECTIONS 86 NUCLEONIC EVENTS... .88 PRODUCTS AND MATERIALS... .94 





EDITORIAL STAFF—NORMAN R. BEERS, Editor; JEROME D. LUNTZ, Man- 
aging Editor; Ethel Pelzer, Associate Editor; C. J. Mosbacher, Jr., Assistant Editor; 
Theresa G. Mion, Editorial Assistant; Keith Henney, S. D. Kirkpatrick, P. W. Swain, 
Consulting Editors; George B. Bryant, Jr., Gladys Montgomery, Washington Office; 
George C. Tenney, San Francisco Office; Russell F. Anderson, World News 


BUSINESS DEPT.—H. W. MATEER, Publisher; WALLACE B. BLOOD, Manager; 
D. H. Miller, New York; Wm. S. Hodgkinson, New England; Warren W. Shew, Phila- 
delphia; C. D. Wardner, Chicago; J. L. Phillips, Cleveland; J. W. Otterson, San Francisco; 
Carl W. Dysinger, Los Angeles; Ralph C. Maultsby, Atlanta; J. E. Blackburn, Jr., 


Director of Circulation 


NUCLEONICS (with which is consolidated “Atomic Power” and “Atomic Engineering”), February, 1950, Vol. 6, No 
2, Publication Office: 212 East York St., York, pte —— and Circulation = 330 W. 42nd Street, New York 18. 
N. ¥. Published monthly by McGraw-Hill Publ Company, Inc. Entered as second class matter December 17, 
1947, in the Post Office at York, Pa., under ioomal of f March 3. 1879. Copyright 1950 by McGraw-Hill Publishing a 
pany, Inc. Ali rights reserved. ‘James J. McGraw. Jr., President; Curtis W. McGraw, Vice President and Treasurer; 
Eugene Duffield, Senior Vice President, Publications Division; Nelson Bond, Vice President and Director of Advertising: 
J. A. Gerardi, Secretary; J. E. Blackburn, Jr., Vice President and Director of Circulation. Allow at least teu days for 
change of address. . communications about eubscriptions should be addressed to at of Circulation, 330 W. 42nd 
8t.. New York 18, N. ¥. Price per copy $1. Subscription rates: Ly States and U. S. Possessions $10 for 1 year, 
$16 for 2 years, $20 for 3 years. Canada $15 for 1 year, $25 for 2 years, ody 3 years. Latin America $20 a year. 
All other countries $25 a year. Return postage B.P. Member A.B.C. 








iJ 


4.47444 i4/ 74 14 


eas’ 





NUCLEONICS Norman R. Beers, Editor 





The Atomic Industry and Human Ecology 


VII—COOL, CLEAN WATER 


THE LAMENT of thirsty cowboys as they rode the plains in search of water 
is matched by many industries today. Cool, clean water by the millions 
upon millions of gallons per day is used at Richland, Washington, Oak Ridge, 
Tennessee, and Chalk River, Ontario, by the atomic industry. Nor are the 
needs of the atomic industry unique in this respect; water is the biggest 
single raw material entering most chemical plants, and finding enough water 
to manufacture chemicals is no longer an easy job. 

Cities have discovered problems in water supply, at least from the days 
of the Roman aqueducts up to (and including) the present ‘dry days”’ in 
New York City, and the various disagreements in the Southwest concerning 
disposition of water from the lower Colorado River. Cities must now supply 
large industrial users within their limits, as well as the greatly increased 
demands of individuals who take more baths, wash more clothes, and enjoy 
more adequate sanitary facilities than ever before in history. 

According to Chemical Engineering, the U. 8. uses 125 billion gallons of 
water per day. This is a per capita consumption of about 800 gallons per 
day—a far cry from the amount available when it was carried in buckets 
from springs or hauled up hand over hand from a deep well. Many of us 
today use more than 100 gallons daily for personal purposes alone, and the 
amount is not easy to decrease without hardship. Industrial users also 
find it difficult, or impossible, to decrease their water consumption quickly; 
processes and equipment designed. to operate effectively and efficiently with 
water of a certain temperature and quality cannot be changed overnight. 

Basic in importance from the ecological viewpoint being stressed in this 
series of brief essays is the fact that, for all practical purposes, the total 
amount of water on, in, and above the earth remains constant. The amount 
of water readily available and of acceptable temperature and quality, either 
at any one place or over large areas, may, and not infrequently does, change 
greatly. These changes are sometimes introduced by those immediately 
concerned in the area considered; more frequently they are introduced by 
‘upstream.”’ 


‘ 


one’s neighbors 

The movement or transport of water from oceans, inland waters and 
wet soil, and by transpiration from plants amounts annually to 96,000 
cubic miles. Total precipitation over land is about 24,000 cubic miles 
annually, some 9,000 cubic miles return to the oceans as runoff, and the 
balance is returned to the oceans by precipitation directly. In a very real 
sense the air-sea and air-land boundaries are of tremendous importance; 
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nd the atmosphere is seen to serve as the transport medium of the entire 


aos great quantity of water (as vapor from evaporation and transpiration and 
—_ en as precipitation after condensation). 

There are variations, however, in the amounts of precipitation from place 

place. Landsberg gives 476 inches precipitation annually at Mt. Waialeale, 
lr. H., and 150 inches at Wynoochee Oxbow, Washington, as the highest 
nean annual rainfalls in the world and in the United States. As is well 
known, there are many square miles of land on which rain or snow rarely if 
ver falls, 

The demand for water and the gross facts of its availability are as indicated 
briefly in the preceding paragraphs. Conservation in individual cases is 
ften not only possible but less expensive than additional water. Waste 

wel oducts need not be loosed into streams for dilution in many plants; wastes 
wn recovered have not infrequently paid for the equipment installed and for its 
a operation. Recirculation via cooling towers in the atmosphere or ground 
the vells is often feasible. 
oe When the problem is viewed in the large, however, it would appear that 
no one of the presently adopted plans (nor any combination of them) will 
satisfy the long term demands of man for water. The most obvious long term 
a solution is to install large plants for the evaporation and cooling of sea water, 
” a solution that will require much equipment, supplies, and manpower, even 
ing to supply water to coastal areas. With the use of large amounts of power 
4 from atomic plants, this solution may be applied in some areas in a few years. 
oy Another and more subtle solution is suggested by the pioneer work of 
Irving Langmuir and Vincent Schaefer of General Electric. First by the use 
of dry ice pellets, and more recently by release of silver iodide vapor, these 
o scientists have demonstrated to the satisfaction of most observers that, under 
on certain atmospheric conditions, the distribution of rain or snowfall can be 
ets influenced inexpensively and certainly. Additional practical demonstrations 
vai of their methods have been made by Krick and others not only in the United 
re States but in Australia and South Africa. 
* Up to the present time, in so far as public announcement has been made 
th of the experiments, the “seeding” of the atmosphere by dry ice or by silver 
iodide has been done in essentially local areas. The results of such seeding 
; } are often spectacular in the formation or change of cloud forms and (some- 
his } times) in the precipitation induced. Results are negligible or nil if the seeding 


ta re : é ; 
1 is improperly done, and continued research is necessary to determine the 


ms correct methods and times for seeding. 

a ; Ecologically the possibilities of seeding the atmosphere are enormous. 
ly ) It is well known that winds aloft often carry dust and pollen for thousands 
"nt of miles before they are brought to ground. The atmosphere knows no state 


nor national boundaries, and widespread changes in climate and weather are 
sure to follow if the seeding is carried on over large areas (even from a relatively 
few and inexpensive sources). The atomic industry and all other industries 
facing a water problem must begin now to learn about and to understand this 


nd 
10 


new development. 


Note: The preceding editorials in this series devoted to the subject of *‘ The Atomic Industry and 


v 
‘seen Mgnt wR: Ns en 


Human Ecology were entitled: I—Waste Disposal (August, 1949); IIl—On Risk (September, 
re: 3 1949); I1I—On Getting the Word (October, 1949); IV—Relax (November, 1949); V—The Air We 
Live In (December, 1949); VI—On Uncertainty (January, 1950). 
| ‘ 
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SCIENCE NEWS FROM GENERAL ELECTRIC 


electron-diffraction instrument 


for speeding research on lubricants, metallurgy, catalysts, 


pigments, surface deposits, and graphite 


With this G-E instrument you can co 


research work on surface conditions 


not possible with X-ray techniques 
Only about five seconds are required 


to photograph specimens. 


Photographs show composition, orien- 


tation, and size of crystals, and often 


The specimen chamber of the electron- 


diffraction instrument will enable you 
to analyze up to 5 specimens ranging 


from 0.1 to 4 inches in diameter, with- 
out breaking vacuum, 


reveal thin surface films not “picked up” 
by other methods of analysis. For ex 
ample, you may discover new lubricants, 


role islalaclilmeleleilinat 


Write for Bulletin GEA-4905. Appa- 


ratus Department, General Electric 


Company, Schenectady, N. Y 


“®@ 


y 


‘ 
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There are many G-E equipments for chemical analysis. 


GENERAL ‘3é) ELECTRIC 
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PILE NEUTRON RESEARCH TECHNIQUES—I 


Development of the nuclear reactor as a rather unique 
research tool has opened up many new fields of investi- 
gation. This first of two articles tells how fast and inter- 
mediate neutrons are produced and made available for 
use. The special instrumentation necessary is described. 


By D. J. HUGHES+ 


Brookhaven National Laboratory 
Upton, New York 


CHAIN-REACTING piles, or nuclear reac- 
tors, have been used as research tools 
for over seven years. The intense 
neutron fluxes available with piles in 
1943 enabled some experiments to be 
made with ease which had been almost 
impossible the year before. More diffi- 
cult experiments were performed as 
time passed, and the complexity of the 
techniques involved increased. Now, 
‘pile research”’ is a distinct and rami- 
fied field of investigation. 


PILES AS NEUTRON SOURCES 


At the present time there are five 
chain-reacting piles in the United States 
more or less available for basic research. 
All but one are of the ‘“‘thermal”’ type, 
with the moderating material they con- 
tain making the great majority of the 
neutrons of low energy. These thermal 
piles are: the original graphite-moder- 
ated pile put into operation at the Uni- 
versity of Chicago in December, 1942, 
and now located at Argonne National 
Laboratory in Chicago; the deuterium- 
moderated pile, also at Argonne; the 
graphite pile at the Oak Ridge National 


* Prepared under the auspices of the Com- 
mittee on Nuclear Science of the National 
Research Council as a preliminary report of the 
Subcommittee on Instruments and Techniques. 

t Part of this paper was written while the 
author was at Argonne National Laboratory, 
Chicago, Illinois. 
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Laboratory; and the ‘‘water boiler”’ at 
Los Alamos (which contains its uranium 
in solution in the water moderator). 
There is, in addition, one ‘‘fast’”’ reac- 
tor, containing no moderating material, 
in operation at Los Alamos. Another 
thermal pile, the graphite pile at Brook- 
haven National Laboratory, Long Is- 
land, should be available shortly. 

By far the great majority of the pile 
research has been done with thermal 
piles, and the present discussion is con- 
cerned primarily with this type. These 
piles, although differing somewhat in 
size and greatly in power level, are 
enough alike that it is possible to con- 
sider a generalized pile and its facilities 
for research without describing features 
peculiar to individual piles. Such a 
generalized pile will be described with- 
out going into complex diffusion theory 
or engineering details, the pile being 
considered simply as a source of 
radiation (1). 

With the exception of the Los Alamos 
water boiler, all the research piles are of 
the heterogeneous type, consisting of 
unenriched uranium metal, in the form 
of lumps or rods, imbedded at regular 
intervals in the moderating material. 
The combination of uranium and 
moderator is called the pile ‘‘lattice,”’ 
and it extends over a cubical or cylin- 
drical region of dimensions the order of 
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meters. The lattice is pierced by some 
type of cooling ducts, and Is surrounded, 
in turn, by a neutron reflector (usually 
of the same material as the moderator) 
and by a shield, as shown in Fig. 1. 
The pile is rum at the desired power 
level by adjusting various control rods 
containing a neutron absorber, such as 
When the pile is 
running at a constant power level, the 


cadmium or boron. 


number of neutrons produced — per 
second by fission in the uranium must 
be exactly equal to the number which 
from the pile. 
k, (the ratio of 


the number of neutrons in the pile at a 


are absorbed or escape 


The reproduction factor, 


certain time to the number in the pile 
one neutron life cycle earlier) is then 
unity. When & is greater or less than 
unity, the neutron density in the pile 
will rise or fall accordingly. The value 
of k, and hence the pile power, is regu- 
lated by motion of the control rod, 
whose neutron absorption depends on 
position. The power is indicated by 
the current from an ion chamber (Fig. 
1). The pile can be controlled by rela- 
tively slow motions of the rod, in spite 
of the fact that the average lifetime of 
the neutrons is about 107% sec, because 
somewhat less than 1% of the neutrons 
are emitted from the fission fragments 
These 


cause the pile to 


several seconds’ after fission. 
“delayed neutrons”’ 
respond slowly to slight changes in k 
and make control much simpler than it 
would be for ‘‘prompt neutrons”’ alone. 

The neutrons emitted during fission 
in the uranium metal emerge from the 
metal with energies of the order of 1 


Mev. 


fission 


The actual spectrum of these 


neutrons extends to higher 
energies, but the number of neutrons 
drops off very rapidly with increasing 
energy. The fast fission neutrons be- 
come moderated by elastic collisions 
with the moderator nuclei, absorption 
being relatively infrequent. The result 
of the collisions is that the neutron dis- 


tribution becomes a ‘‘1/E spectrum,” in 


6 
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FIG. 1. Facilities for research in a pile 


(not to scale) 








which the flux (defined later) of neu- 
trons in a particular energy band is 
inversely proportional to the energy (2 

The neutrons follow this energy distri- 
bution as they are slowed down, until 
they reach energies of the order of the 
thermal agitation energy of the moder- 
ator atoms. They then gain as well as 
lose energy and are known as thermal 
neutrons. 

The neutrons in the pile spend by far 
the greatest fraction of their lifetime 
(which is about 10~% seconds) as ther- 
majority of 
The 


quantity which is usually used in experi- 


mal neutrons; the great 
neutrons in the pile are thermal. 


mental work with the pile is not the 


number of neutrons, however, but 
rather the flux of neutrons, nv, where n 
is the number of neutrons per em? and 
v their velocity (usually an appropriate 
It happens that the 
fission neutrons near the 


average velocity). 
flux of fast 
uranium metal in the pile is of the same 
order of magnitude as the thermal flux 
because of the great velocity of the fis- 
sion neutrons, 

The fission rate in the uranium, the 
fast neutron flux, and the thermal flux 
(which determines the fission rate) all 


vary spatially in a similar way through 
The thermal neutrons diffuse 


the pile. 
through the pile, reaching a low value 
at the surfaces or faces of the pile 
lattice. Thus, in a rectangular pile, 
the neutron distribution is in the shape 
of a cosine function, and in a cylindrical 


pile, a Bessel function. The distribu- 
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on does not go to zero at the edge of 
he active lattice because some of the 
eutrons diffuse outward through the 
flector. Because no fast neutrons 
re produced during this diffusion in the 
eflector, the neutrons become better 
thermalized as they diffuse. An exten- 
sion of the reflector known as a “‘ther- 
mal column”’ usually extends through a 
hole about 5 ft square in the shield. 
rhe neutrons diffusing through this 
xtra graphite become extremely well 
thermalized and reach temperature 
equilibrium with the graphite atoms. 

It is important to consider quantita- 
tively in as much detail as possible the 
neutron fluxes throughout the available 
piles. The usual figure that is quoted 
for the thermal neutron flux of a pile is 
the so-called ‘‘central flux,’ which may 
mean the flux in the moderator near the 
central uranium piece, or the average 
flux in the central uranium itself, the 
former being somewhat larger. For 
experimental purposes, where the flux 
available for irradiation is the signifi- 
cant quantity, the flux in the moderator 
is the more important value. Approxi- 
mate values of the central flux have 
been declassified for several of the re- 
search piles and are given in the table. 
\ recent report (7) describes an irradia- 
tion in the pile at Chalk River, Canada, 
with a maximum flux of 2 K 10", 

As already stated, the flux of fast 
fission neutrons available in the most 


advantageous spot, that is, close to 





Approximate Central Flux Values 


nv 

(neutrons 

cm? sec) 

Argonne heavy water pile (3) 1 X 10! 
Los Alamos water boiler (4) 1 xX 10" 
Brookhaven graphite pile (6) 5 xX 10" 
Oak Ridge graphite pile (6) 1 X< 10! 
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uranium metal, will be of the same 
order of magnitude as the thermal 
values given in the table. Both the 
fast and the slow flux drop off toward 
the faces of the pile; the neutrons can 
be made available for experimental 
purposes by means of holes penetrating 
the shield and perhaps the lattice. 
The flux of fast or slow neutrons 
available outside the shield of the pile 
at such an experimental hole can be 
calculated quite simply from geomet ri- 
eal considerations. For example, if a 
certain point beyond the end of an 
experimental hole can ‘‘see’’ a surface 
area 15 em square (the base of the hole) 
at the center of a pile where the thermal 
flux is 10'?, and if the point is 10 meters 
from the center of the pile, then the 
thermal flux at the point is given by 


10'? « (15)? 
nw = 
tr (1,000)? 
= 1.8 X 10’n/em? sec 


If the experimental hole did not extend 
to the center of the pile, the flux at 
the neutron radiating surface would be 
lower, but, on the other hand, the 
surface would be closer to the experi- 
mental point. Holes penetrating into 
the lattice give beams containing both 
fast and slow neutrons; these are 
usually referred to simply as beams of 
‘pile neutrons.’ 

The neutron flux in a thermal 
column decreases with distance from 
the pile lattice. The decrease is quite 
strictly exponential, dropping by the 
factor e per foot in a typical thermal 
column as the neutrons diffuse out of 
the column in the forward and side- 
ward directions. In the thermal col- 
umn of the Argonne heavy water pile, 
for instance, the flux of thermal 
neutrons decreases from about 10! 
at the inner edge of the column to 
107 at its outer surface. The number 
of fast neutrons in the column decreases 
much more rapidly, of course, and the 
neutrons become more thermalized as 
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beam of thermal 
obtained from the 


they diffuse. A 

neutrons is usually 
column by opening a hole of convenient 
size through the shield, and extending 
The 
flux at a point outside such an opening 
is then calculated from the geometry of 


it into the thermal column itself. 


the hole exactly as in the example 
given previously, but now the flux at 
the radiating surface is in the 10° to 
10'' range, depending on the length of 
the hole 


from a 15 X 


Thus a point 5 meters 
15 em surface where the 
flux is 10! will receive a flux of 107 
The neutrons that emerge from such 
a hole in the thermal column are 
partially 
Maxwell 


flux 


and 
distribution, 
which is the 


collimated possess a 


The 


more 


velocity 
distribution, 
significant quantity in such a beam, 
contains an extra velocity factor and 
hence is given by 


nv ~ vie O10 


where vp is the most probable velocity. 
If such a neutron beam is detected by 
a counter whose sensitivity is propor- 
tional to | 
boron trifluoride proportional counter), 


v (such as a small diameter 


the response of the counter as a function 
of velocity will follow the usual Max- 
well distribution (v? factor) because of 
the effect of the-1/v sensitivity. The 
‘temperature’? of the neutrons in a 
thermal beam is quite close to room 
temperature; that is, the most probable 
velocity (vw = U2kT/m = 2,200m/s 
for 7 = 293°K) is about 2,200 meters 
The measurement of the 
neutron temperature is somewhat diffi- 
cult and will be discussed in Part 2. 


per second. 


The beams obtained from the thermal 
column or from the lattice itself con- 
tain, in addition to the neutrons, 
gamma and beta 
depending on the actual location of the 
hole. 
to eliminate the effect of the gamma and 
beta radiation; this 
to a high degree by placing suitable 


rays in amounts 
It is sometimes quite desirable 


can be attained 


filters, such as bismuth or lead, in the 
These materials 


sections 


inner end of the hole. 


have low absorption cross 


for neutrons of all velocities and 
their 
diffusing medium, do not cut down the 


neutron intensity by scattering (‘‘scat- 


because of location inside a 


tering out”’ of the beam is compensated 
by “seattering in’’), but only by 
This results in a much 
smaller decrease in neutron intensity 
than would the filters were 
placed pile. Some use 
has been made of reflection of neutrons 
by crystals and mirrors to separate 
slow neutron beams from the gammas 
betas, but intensity is greatly 
The use of filters to modify 
the energy distribution in beams and 
to pick out specific velocities will be 
with pile 


diffusion. 


oceur if 
outside the 


and 
sacrificed. 


considered in connection 


research techniques. 


PILE RESEARCH TECHNIQUES 

In describing the various techniques 
which have been developed for ex- 
perimental use of pile neutrons, it is 
classification 
energy. The 
regions for pile 
(greater 


convenient to use a 
according to neutron 
energy 
fast 


customary 
neutrons are neutrons 
than 1 Mev), intermediate or resonance 
neutrons (1 Mev cadmium 
cut-off, about 0.4 ev), thermal 
neutrons (below cadmium cut-off). 
These energy regions are only roughly 
defined, but they correspond very well 
to the classifications of the techniques 
developed for pile research. 
Fast Neutrons 


When chain-reacting piles first be- 


down to 
and 


came available for research they were 
used principally for measurements with 
thermal neutrons, but recently more 
and effort gone toward 
utilizing neutrons of higher velocity. 
The principal method used to date in 


more has 


obtaining fast neutrons is by use of the 
neutrons emitted in the fission process 
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self, usually referred to as ‘fission 


utrons.”’ Although the fission neu- 
ons show a spread in energy of several 
they 
seful for measurement of fast-neutron 


lev, have proved to be quite 
oss sections because of the advantages 
f the great intensity available and the 
the flux 


unmoderated 


wssibility of 
The 


utrons have been used in two wavs 


estimating 
curately. fission 
irradiation inside 
the pile lattice, and by 


pile research: by 
iranium in 
ise of a uranium ‘‘converter’’ outside 
the pile. 

Pile irradiation inside uranium. If a 
material to be irradiated is placed inside 
i piece of uranium at the center of a 

flux of fission 
10" if the 
thermal flux in the region is of the same 


magnitude. The 


pile, it will receive a 


neutrons of approximately 


thermal 
the 
uranium can be eliminated by wrapping 


rder_ of 


neutrons which are present in 
the material in sheet cadmium of about 
0.03 in thickness. The 


neutrons which present in 


resonance 
the 
the 
cadmium and are quite likely to pro- 
effects than the 
neutrons because of high re- 
Boron, or 


are 
uranium are not removed by 


duce much larger 
fission 
sections. 


sonance cross 


other substances showing strong re- 
sonance absorption, can remove certain 
groups of neutrons if placed around 
the material, but the neutrons removed 
represent only a small fraction of the 
Because of the great 


resonance flux. 


range of neutron energies present, 
however, the method is not useful for 
fast-neutron 
appreciable 
value over a wide energy range. The 


intermediate 


measurement of cross 


sections which have an 


presence of neutrons of 
energy creates no difficulty for threshold 
(n,p), 
which usually have thresholds 
Mev. Irradiation 
particularly well-suited 


reactions such as (n,a), and 


n,2n . 
well over 1 inside 
uranium is 
because their low 


for such reactions 


cross sections necessitate high flux. 
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Because of the spread in energy shown 
by the fission neutrons themselves, it 
difficult to interpret a 
measured cross section for a threshold 


is somewhat 
reaction, especially for a light element 
which has widely spaced resonances in 
its cross-section curve. If it is assumed, 


however, that the cross section for a 


reaction such as the (n,p) or (n,@) rises 
in proportion to the penetrability of the 
the outgoing 
the threshold 


penetrability 


potential barrier for 
particle, from zero at 
point where the 
becomes unity, then the known shape 


of the fission neutron energy spectrum 


to a 


ean be used to obtain the cross section 
the The 
sections for reactions 


observed activation. 


threshold 


from 
cross 
measured in this way have been used 
8), however, in the reverse direction, 
that is, to estimate the shape of the 
fission energy distribution at very high 
energies from the observed cross sec- 
If the cross section for a certain 
is known, then it, 
spectrum, 


tions. 
threshold reaction 
together the 
can be used to calculate the yield of 
the 
uranium, 

The method of 
uranium slug is especially useful when 


with fission 


reaction for irradiation inside 


irradiation inside a 


it is desired to produce a radioactive 
isotope of high specific activity which 
can be made by a threshold reaction, 
because in that case chemical separation 
of the ‘“‘carrier-free’’ radioactive prod- 
uct (that is, containing no inert atoms) 


is possible, as is never true for produc- 
Several 


tion by neutron capture. 
important isotopes, P%*, 8, and Ca‘, 
for example, are produced by (n,p 
and (n,q@) reactions at Oak Ridge (9). 
The yield of such threshold reactions 
decreases with atomic weight because 
the determining factor is the pene- 
trability of the residual nucleus, which 
decreases with increasing atomic weight. 

Fast very effective in 
dislocating atoms in solids because of 
The displaced atoms 


9 


neutrons are 


elastic collisions. 





cause many changes in physical proper- 


such as electrical resistivity, 


The high flux of 


ties 
strength, and color 
fast 
inside uranium furnishes a 


neutrons available by irradiation 
useful tool 
for such solid-state problems, 

It is possible to produce extremely 
fast 
Mev in the pile by irradiating a solu- 
tion of Li in D.O with thermal neu- 
The H® nuclei produced in the 


neutrons of approximately 14 


trons. 
Li®(n,@)H* reaction bombard the deu- 
terons and produce the fast neutrons 
d.n)He4 
over-all 


exothermic H 
vield of the 
small (10 
produced per 10° 
and the 


in the highly 
The 
quite 


reaction 
reaction is about 


one fast neutron 


slow neutrons absorbed), 
reaction has not been extensively used. 
With the high intensities of 
now available, the 


threshold 


thermal 
neutrons which are 
utility of the method for 
reaction and solid-state studies should 
be investigated again. 

Fission neutrons outside the pile. 
It is possible to obtain fission neutrons 
free from intermediate energy neutrons 
piece of uranium in a 
The thermal neutrons 
with the 


The process 


by placing a 
thermal beam. 
cause fission in the uranium 
emission of fast neutrons 
thus ‘‘converts’’ the thermals to fission 
neutrons. The~technique was devel- 
oped by Hughes, Spatz and Goldstein 
(77) in 


sections for 


measure activation 
fast 


measurement which could not be made 


order to 
cross neutrons, a 
inside the pile because of the much 
larger effect of the intermediate energy 
neutrons. A plate of uranium metal 
is placed in a well-thermalized beam 
from the thermal column as shown in 
Fig. 2. The sample to be irradiated 
(usually in the form of a pressed pellet 
or ‘“‘foil’’) is wrapped in cadmium and 


placed near the uranium. A bare foil 


of the sample is used to measure the 


flux of thermal neutrons striking the 


plate. The flux of unmoderated fission 


neutrons obtained is of the same order 


10 


of magnitude as the thermal neutrou 
flux striking the uranium, that is, of 
the order of 107 as discussed alread) 
Although this flux is much less than 
that obtainable inside the pile, it ts 
high enough so that activation cross 
sections as low as 107‘ barns can by 
measured by the resulting radioactivit\ 
of the foil. The neutron flux 
can be calculated quite accurately in 
constants otf 


fission 
terms of the _ fission 
uranium and the thermal flux, which 
can be measured much more accuratel\ 
fast flux. The neutrons 
are obtained free from slow neutrons 
that a 
thermal 
the fast 
section, can be measured with no inter- 
thermal 
The spread of energy present in. the 
great 


than fission 


to such an extent substance 


such as gold, whose Cross 


section is 10° times CTOSS 


ference from the neutrons 


fission neutrons is of no dis- 
advantage in the capture cross section 
Mey 


resonances 


work, for the cross sections at 1 
are averages over many 
even for monoenergetic neutrons, and 
it is the average level behavior (level 
density) which is the main object of 
measurements. The 
with the 
uranium converter have been used for 
other properties of 
the character- 


the cross-section 
fission neutrons obtained 
investigations of 
fast neutrons, 
istics of fission induced by fast neutrons 


such as 


Presumably they could be used for 
other studies as well. 
Intermediate or Resonance Neutrons 
After the fast fission neutrons have 
collided several times with the modera- 
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Apparatus for obtaining fission 
neutrons outside the pile 
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E flux dis- 
in which the flux of neutrons 


r nuclei, they reach a 1 
bution 


the energy band dF is given by 


KE) and are then available’ for 
perimental use in the energy range 
om 1 Mev down to thermal. Neu- 


rons of this extremely wide energy 


inge are usually referred to in_ pile 
esearch terminology as ‘‘epicadmium”’ 


Whether 


resonances will be 


‘‘resonance’’ neutrons. 


or not neutron 
exhibited in this region depends on the 


particular nucleus and the part of the 


energy region under investigation 
Actually, only that part of the 1 F 
spectrum below about 1 kev can be 
ised to show distinct neutron reso- 


nances for average weight elements. 
The intermediate energy neutrons have 
been used extensively for research 
nside the pile lattice and in neutron 
beams extending outside the pile. 
Inside pile lattice. 


is subjected to the 1 EF spectrum, the 


When an isotope 


number of nuclear reactions that takes 
place is proportional to the integral 
of the cross section as a function of 
neutron energy multiplied by the flux 
density, that is, proportional to fodE. E. 
This integral is the well-known ‘‘reso- 
nance integral’? and is usually con- 
to extend from the cadmium 
about 0.3 ev 

The 
that 
not distorted by the absorbing isotope, 
that 


dilution of the absorber in the modera- 


sidered 


cut-off, , up to fission 
integral 


the dE E spectrum is 


energies, form of the 


ASSUmMEeS 
an assumption implies extreme 
tor. If distortion of the spectrum is 


present, the integral over the dis- 


torted spectrum is called the “effective 
resonance integral.”’ The cross section 
under the integral is usually the absorp- 
tion or the activation 


cross section, 


although the ‘‘resonance scattering 


integral”’ has as definite a meaning. 
Measurement of the resonance in- 


tegral gives no information on the 


cross section at a 


particular energy, 
nor does it tell the 
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location of the 


resonances. It is a very important 


quantity for pile technology, however, 
uranium and 


because its value, for 


moderator, tells how manv neutrons 


will be absorbed (hence lost to the ehain 
reaction) in a thermal reactor during 


the process of slowing down of the 
neutrons from fission to thermal ener- 
gies, 


trons in a reactor depends markedly on 


The resonance capture of neu- 
the lattice geometry, and the miniuniz- 
ing of the effective resonance integral 
is an important phase of pile design. 
The resonance integral for activation 


can be measured from the resultant 


radioactivity of a sample, and the 
resonance integral for total absorption 
can be measured by the effect on the 
reactivity of a pile 

Resonance activation integral. In prin- 
ciple, the measurement of the resonance 
activation is quite simple. It involves 


only the irradiation of a cadmium- 


covered (to remove thermal activation 
foil and subsequent measurement of 
the activity with a counter. In prae- 
however, it is sometimes 
difficult to insure that the foil exposed 


to the resonance flux is thin enough so 


tice, very 


that no “self-protection” of the foil 


will occur. The condition of no self- 
protection is quite severe because the 
peak cross section at a resonance can 


be quite high. Indium, for instance, 


has a peak cross section of 30,000 
barns; a foil must be less than 0.6 
milligram em? thick in order that 


less than 1° of the neutrons of exact 
resonance energy will be absorbed. If 
the foils are sufficiently thin, so that 
all the atoms are exposed to the undis- 
torted 1/E spectrum, the counting rate 
will be proportional to the activation 
integral—the exact constant of pro- 
portionality usually being obtained by 
comparison with some standard. In- 
dium is quite a convenient standard 
because its resonance integral is deter- 
almost from the 


mined completely 


1.44 electron volts, 


11 


large resonance at 


. bab bts 444K OS 


ae 


~~! hr 





whose shape has been well determined 


by velocity selector measurements 


(13, 14). 
urements give the total cross section, 


The velocity selector meas- 


but the cross section for activation of 
the 54-minute period can be obtained 
by correcting for the relatively small 
seattering and the contribution to the 
absorption of the periods other than 
the The the 
resonance absorption integral for indium 


54-minute. value of 
determined by integrating the velocity 
selector curve in this way is 2,800 barns, 
accurate to about 5%. 

Another convenient method for cali- 
bration of resonance activation meas- 
urements utilizes the ‘“‘cadmium ratio”’ 

the ratio of the activation of a bare 
foil of the material to the activation of a 
the foil 
again being sufficiently thin that self- 
The cadmium 


foil covered with cadmium, 
protection is negligible 
ratio gives the ratio of the activation 
by resonance plus thermal neutrons 
to the activation by resonance neutrons 
the ratio A of the 
thermal the integral of the 
resonance flux, and the thermal cross 
known, then the 


ean be obtained 


alone. Hence, if 


flux to 
section Or are 
resonance integral 
from the cadmium ratio, R.a: 

odk =K ous i. 

E Rea — 1 
The flux ratio A will depend on the 
particular pile lattice, but for a graphite 
-moderated pile the value of K is such 
that the cadmium ratio will be about 
30 for a that is, an 
absorber having negligible resonances 


“*1/v absorber,” 


and an epicadmium cross section which 
is solely the 1/v extension of the thermal 
with ap- 
activation will 
have a than 30; 
indium, for example, has a cadmium 
ratio of the order of 2. The value of 
K for a particular pile can be deter- 
mined by calibration with indium or 
with a strictly 1/v absorber, such as 


12 


cross section. Substances 


preciable resonance 
cadmium 


ratio less 


resonance integral 

sasily calculated. The cadmium rat 
is thus a quite sensitive and rapi( 
method of detecting and measuring 
resonance activation, the main diffi- 
low cadmium 
self-protection, 


boron, whose 


culty arising when a 
ratio, hence 
occurs. The 
resource activation integrals from cad- 


possible 
measurement of several 
mium ratios is described by Seren (14 

The 


is equal to 


Resonance absorption integral. 
activation section 


the absorption cross section only whe 


cross 


every neutron absorption results in 
detectable activation. In many cases 
the activation is well enough under- 
stood that the absorption cross section 
inferred from the 
However, for 


can be correctly 
activation cross section. 
isotopes exhibiting extremely long or 
short half-lives or complicated decay 
schemes, the inference is_ difficult 
In the case of the formation of stable 
The total 
neutron absorption can be measured 


isotopes, it is impossible. 


directly for such isotopes by observing 


the effect of the sample on the reac- 
tivity of the pile, since by this method 
every neutron is correctly 
measured, regardless of the nature of 
the reaction involved [with the excep- 
tion of very unlikely (n,2n) reactions 
that appear as negative absorption]. 

The effect of the absorption of 
resonance neutrons on the pile can be 
observed most easily by use of the 
‘*pile oscillator,’’ which is an apparatus 
for inserting a sample into the pile at 
regular intervals. The reactivity, and 
as a result, the power, of the pile rises 
and falls with the same frequency as 
the sample oscillation, and the ampli- 
tude of the oscillation in power is 
proportional to the absorption of the 
sample (16). The pile oscillator has 
been developed both at Argonne (17 
and Oak Ridge (18) National Labora- 
tories, although mainly for measure- 
ments of thermal neutron absorption 
cross sections. The Oak Ridge oscilla- 


February, 1950 - NUCLEONICS 


absorbed 


’ 


Scie ‘Seabtiulsnaabbanmtaaia wake oman ede 














FIG. 3. Pile oscillator mechanical as- 

sembly. The portion of the drawing 

showing the graphite channel and ioniza- 

tion chamber has been enlarged to show 
details 


tor, shown in Fig. 3, moves a sample, 
ontained in a small beryllium boat, 
n and out of a _ hollow ionization 
chamber which measures the oscillation 
of the local pile power caused by the 
sample. The modification of the os- 
illator for measurement of the reso- 
nance absorption integral is used only 
it Argonne. In order to measure the 
effect of the absorption of resonance 
neutrons alone, the sample is oscillated 
inside a tube of cadmium extending to 
the center of the pile. In such a tube 
only the resonance neutrons are affected 
by the sample, and the amplitude of 
pile power oscillation is proportional to 
the resonance absorption integral if 
the sample is thin enough to eliminate 
self-protection. Absolute values of the 
ibsorption integral are obtained by 
standardization against a well-known 
substance such as indium or gold. 

Although the oscillator has the 
udvantage over the activation method 
that all the absorption is measured 
iutomatically, it has the disadvantage 
that any impurities in the material 
being investigated will likewise affect 
the pile. 

Pile neutron beams. The methods 
just described for measuring the effects 
of resonance neutrons inside the pile 
lattice are useful mainly for measuring 
ntegral effects. Only a very few 
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measurements have been made in 


which the 1/E£ spectrum inside the 


pile has been modified to isolate the 
effect of certain parts of the I/F 
spectrum. Instead, the methods which 
have been used almost exclusively for 
measurement of cross sections at dis- 
crete neutron energies have made use 
of beams of neutrons emanating from 
the active lattice through holes in the 
shield (Fig. 1). 
in such beams of “pile neutrons” is 


The energy distribution 


the same as that in the lattice itself, 
consisting of the 1/2 resonance spec- 
trum and the Maxwell thermal dis- 
tribution. Beams of pile neutrons 
have fluxes a thousandfold smaller 
than the fluxes inside the pile lattice, 
but this loss in intensity is com- 
pensated by the fact that discrete 
neutron energies can be isolated with 
neutron beams. Many approaches 
have been used to measure effects of 
different parts of the 1/E spectrum 
with pile neutron beams. No doubt 
additional methods will be developed, 
especially when higher fluxes of reso- 
nance neutrons become available. Ac- 
tually, many of the methods to be 
described here find their most serious 
limitation in that the available flux 
in neutron beams from present-day 
piles is not high enough to use the 
instruments to the best advantage. 
Resonance detectors. Some of the 
earliest cross-section measurements 
made with pile neutrons at energies 
above the cadmium cut-off were made 
with resonance detectors, which can 
be used to select a narrow band of 
neutron energies. Indium is a very 
useful detector for such measurements, 
because a thin foil of indium, sur- 
rounded by cadmium, will be activated 
mainly by neutrons of the indium 
resonance energy, 1.44 ev. In making 
the measurement, a collimated beam 
of pile neutrons is formed by shielding 
materials such as boron which stop 
resonance neutrons. The substance 
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FIG. 4. Annular counter and shielding 
whose cross section is being measured 
is placed in the beam. The activation 
of a thin indium foil wrapped in cad- 
mium is used to measure the trans- 
mitted intensity. The ratio of the 
activation with to that without the 
sample, which is the transmission 7’, 
gives the total (absorption plus scatter- 
ing) cross section or of the sample for 
1.44 ev neutrons: 
T = E-Nert 

where N is the number of atoms/cm, 
and ¢ is sample thickness. The trans- 
mission measurement is simple and 
rapid to perform, and gives quite 
accurate values of total cross section 
for neutrons of a particular energy. 
Cross sections at indium resonance 
and at thermal for a number of isotopes 
have been measured by J. Marshall (19 
as a means of separating the absorption 
cross section (which varies as 1,v 
from the scattering cross section (which 
is roughly constant with energy 

Resonance detectors have been used 
recently in a somewhat more com- 


plicated way by taking advantage of 


scattering resonances as well as absorp- 
tion resonances. The existence of 
resonance scattering for slow neutrons 
was first demonstrated by Langsdorf 
and Arnold (20) with pile neutron 
beams. If the detector in a trans- 
mission measurement is a thin foil of 
cobalt or manganese, as shown in Fig. 
2, and if the intensity of neutrons 
scattered from the foil rather than foil 
activation is measured, then the ob- 
served transmission will refer only to 
those neutrons selectively scattered 
(resonance scattering) by the thin 
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foil. As cobalt (27, 22) and man 
ganese (23) have extremely high 
scattering resonances at 100 and 306 
volts, respectively, they can be used t 
measure total cross sections by trans 
mission at these particular energies 
In the work now being done at Argonn 
National Laboratory by Muehlhaus« 
and Hibdon (24), the seattered reso 
nance neutrons are detected by 
counter in the shape of a eylindrica 
shell (developed by Langsdorf). The 
collimated neutron beam passes dow: 
the axis of the cylinder (Fig. 4), at 
the center of which the particular 
scattering detector is placed. This 
method, like the absorption resonance 
method, gives accurate cross sections 
for quite precise neutron energies, its 
main limitation being the small number 
of resonance detectors available. 

A recent refinement of the method of 
Muehlhause and Hibdon consists of 
using the resonance neutrons which 
are scattered from Co or Mn into a 
definite angle and hence with a definite 
energy loss, to obtain a wider range 
of energy values. The once-scattered 
neutrons are used as a monoenergetic 
source to measure the seattering cross 
section of a second material. The 
resulting low intensity, however, is a 
serious handicap. 

Filters. 
neutron work (25), the method of 


Used extensively in early 
measurement of neutron resonance 
energies by absorption of the resonance 
neutrons in boron has been continued 
with pile neutrons. This method takes 
advantage of the fact that neutrons 
of a discrete energy are absorbed 
exponentially in a filter of boron. The 
l,v absorption cross section of boron 
enables one to determine the energy 
If a foil 
of a particular element is activated in a 


from the rate of absorption. 


pile beam as increasing thicknesses of 
boron filters are interposed, then an 
analysis of the intensity of activation 
gives information concerning the activa- 
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tion cross section of the foil material 

a function of energy. If, for in- 
tance, the material absorbs mainly 
it one resonance, then the activation 
vould) drop) off exponentially with 
boron thickness, and the rate of 
lecrease would give the resonance 
energy directly (for the decrease gives 
the boron cross section which, in turn, 
is accurately known as a function of 
energy) The detector, instead of being 
activated, can of course be arranged to 
seatter neutrons into a counter as 
ilready described; in this way the 
energy ot a seattering resonance can 
he determined.* 

If the absorption (or scattering) of 
the foil material is complicated, being 
made up of several resonances and the 
| » extension of the thermal cross 
section, then a detailed analysis be- 
comes impossible, but some information 
ean still be obtained concerning the 
average cross section as a function of 
energy. The filter method in the 
complicated case can be visualized 
crudely by considering the change in 
the distribution of neutron energies 
in the beam as boron filters are added, 
the average energy of the beam increas- 
ing with boron filter thickness. 

Boron filters cannot be used at 


* The energies of the scattering resonances in 
Mn and Co were determined by this method as 


I? 


described in references 21 and 2 
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FIG. 5. Top view of apparatus for Bragg reflection of neutrons 








energies so high that the capture cross 
section of boron becomes small com- 
pared to the scattering cross section, 
because all sensitivity would be lost 
since the latter cross section Is essen- 
tially constant with energy. Capture 
and seattering in B'® are about equal 
at | kev so that the filter method, even 
with pure B?° filters (instead of the 
normal isotopie constitution ol 20°; 
B becomes useless at several kev. 
Activation cross sections as a function 
of energy have been measured by 
Lichtenberger et al. by using B'° filters 
in pile beams (26 

Crystal) monochromete: As soon as 
beams of resonance neutrons of high 
intensity were available, it became 
possible to make use of Bragg reflection 
at single crystals to select mono- 
energetic neutrons. Shortly after the 
heavy water pile was constructed at 
Argonne National Laboratory, the use 
of the crystal monochrometer was 
begun by Zinn (2) At about the 
same time a monochrometer was put 
into operation by Borst ef al. (28) at 
the Oak Ridge pile. With the crystal 
monochrometer (Fig. 5) a well-col- 
limated beam of pile neutrons is allowed 
to fall on a large single crystal at a 
small and adjustable angle, while the 
detector (usually a BF; counter) is 
set at such a position as to detect the 
reflected beam. The counter will then 
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FIG. 6. 


Neutron monochrometer used at Argonne National Laboratory. 


Over-all 


length is about 12 feet 


detect only those neutrons within a 
range 
a wavelength given by the 
nX\ = 2dsin@ where 6 
is the glancing angle for the nth order 
reflection of neutrons of wavelength X. 


small energy, or wavelength, 
centered at 


Bragg formula 


For a typical crystal such as LiF, 
the lattice spacing d for the third-order 
reflection is 4.01 A.U. If it is desired 
to select neutrons of one-ev energy, 
that is, of wavelength 0.28 A.U., then 
it follows that the glancing angle 6 
for LiF must be 3.5 deg. Selection of 
neutrons of 100 ev would 
require a glancing angle of 0.35 deg. 
Because of the extremely fine collima- 
tion which and 
because of the necessity of working 
direct 


therefore 


would be required 


close to the beam, it is not 
existing crystal 
about 10 ev. 


practicable to use 
monochrometers above 
It is possible that an instrument made 
up of many single crystals individually 
oriented and with extreme resolution 
in angle, could be built which would 


hundred-volt region, 


operate in the 
but none is contemplated at present. 
However, for neutron energies below 
10 ev, the erystal monochrometer has 


proved exceedingly useful for analyzing 
neutron resonances (29, 30). 

The measurements that 
made with the crystal monochrometer 
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have been 


in the resonance region have been 
mainly those of total cross section as a 
function of velocity, performed by 
measuring the transmission of a sample 
for different settings of the crystal 
and the detector. The monochromatic 
neutrons selected by a crystal could 
be used to measure seattering cross 
sections as a function of energy as well, 
but the low intensity of the scattered 
neutrons makes such measurements 
extremely difficult, as found by Beeman 
(31) with Cd Weber (32) with 
In. 

Because a high efficiency detector, 


usually an enriched BF; counter with 


and 


its shielding, is quite heavy, the entire 
monochrometer becomes a rather heavy 
apparatus. The monochrometer in use 
at Argonne National Laboratory, shown 
in Fig. 6, has an over-all length of about 
12 feet and is of massive construction. 

The crystal monochrometer can be 
used for neutron velocities in and below 
the thermal region as well, but difficulty 
is encountered for the very slow 
neutrons because of interference from 
the more abundant faster neutrons 
reflected at higher orders (that is, 
with n greater than one in the Bragg 
formula). In the high-intensity ther- 
mal neutron region, the crystal is very 
useful as a source for diffraction studies. 
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Mechanical velocity selector, or fast 


itron ‘‘chopper.”’ Because of the 





rge intensities of resonance neutrons 
iilable from piles, it is obviously 
sirable to develop a velocity selector 
hich can be used for velocities greater 
an those which can be selected with 
he crystal. A mechanical velocity 
elector or chopper, designed to work 
t as high an energy as is feasible, has 
ecently been put in operation by 
Selove (33) at Argonne National 
Laboratory, and another is_ being 
lesigned for use with the Brookhaven 
eactor. This chopper is essentially a 


all rotating cylinder of iron, 4 in. in 
liameter and 16 in. long, with its axis 
e] n the beam of pile neutrons. The 
cylinder contains 6 radial slits 0.01 in. 
b thick and runs at speeds up to 30,000 


rhe rpm. A similar stationary cylinder is 
a placed in line with the rotating cylinder. 
at Rapid, sharp (2 wsee duration) bursts 


ld of neutrons are produced as the moving 


counter 10 meters away detects these 
neutrons, and the counts are dis- 
tributed among SO scalers according 
to arrival time at the counter. Thus 
80 velocity groups are selected simul- 
taneously, and the total cross section 
of a sample (actually divided into six 
parts, one at each slit) can be measured. 
The chopper has a resolution and inten- 
sity of the same order of magnitude as 
the best that has been obtained with 
cyclotron velocity selectors and, in 
addition, has the advantage that very 
small samples, less than 1 gram, can 
be used because of the small slit size. 
Another advantage is that the ap- 
paratus does not tie up a whole machine 
but can be run simultaneously with 
many other experiments at the pile. 

In the second of these two articles 
dealing with — pile 
techniques, Dr. Hughes will deal with 


thermal neutrons inside and outside the 


neutron research 


SS slits pass the stationary slits. A pile and with neutron standardization 
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AEC Technical Information Program 


The U. S. Atomic Energy Commission’s research and development program, 
coupled with that of the Manhattan District, has produced an abundance of 


scientific and technical information. 
secrets 


of the new atomic energy industry. 


Much of it is the ““know-how’’—the trade 


The first part of this article, written 


by Dr. A. F. THOMPSON, Chief of AEC’s Technical Information Branch, and 
JOHN H. MARTENS, Assistant Chief of TIB, describes the present technical 
information program of the AEC, particularly with respect to the information 


available to the public. 


The second part is a staff report based on the Seventh 


Semiannual Report to Congress of the AEC. 


RECOGNIZING the need for a practical 
‘‘open door”’ policy, Congress stipulated 
in the Atomic 1946, 
“That the scientific 
and technical information relating to 


Energy Act of 
dissemination of 


atomic energy should be permitted and 
encouraged so as to provide that free 
interchange of ideas and = criticisms 
which is essential to scientific progress.” 

Consistent with the policy expressed 
in the law, the Atomic Energy Com- 
mission is carrying out a positive 
program to speed the distribution of 
nonsecret technical information. In so 


doing, it works in close collaboration 
with the various laboratories associated 
with the Project in efforts to distribute 
the information through the established 
media, 7.e., books, technical journals, 
professional society meetings, etc. 

A description of the technical infor- 
mation program should perhaps begin 
with definitions of some of the unique 
terms characteristic to the Project. 
‘Restricted data,’ the 
which cannot be released, is defined by 
the Atomic Energy Act of 1946 as ‘‘all 
manufacture or 


information 


data concerning the 
utilization of atomic weapons, the pro- 
duction of fissionable material, or the 


use of fissionable material in the 
production of power, but shall not in- 


clude any data which the Commission 
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from time to time determines may be 
published without adversely affecting 
the common defense and security.” 
Documents containing restricted data 
are marked ‘‘Top Secret,” ‘Secret,’ 
and ‘‘Confidential,”’ and are referred to 
collectively as ‘‘classified documents.” 
It follows then that 


ments’ are 


‘declassified docu- 


those which have been 


authorized for release from security 
Another type of 
this work is the 


document,”” which is a 


restrictions. docu- 


ment considered in 
“unclassified 
report dealing with nuclear research 
outside the area of restricted data and 
hence is never classified in any way. 
To facilitate the development of 
unclassified information, the AEC has 
designated certain types of research as 
The AEC imposes 


no security restrictions whatever on the 


unclassified areas. 
publication of information developed 
in these areas by its contractors and 
Rather the 
publication of the information on its 
In general 
the unclassified areas include: 


associated laboratories. 


own merits is encouraged. 


1. Pure and applied mathematics, ex- 
cept that applying to specific classified 
projects. 

2. Theoretical physics (except the 
theory of fission, of reactors, and of neu- 
tron diffusion, and weapon physics). 

3. All physical (except nuclear) proper- 
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es of all elements of atomic number less 


in 90 Nuclear properties of most 
topes 

4. The basic chemistry of all elements 
xcept for the analytical procedures and 
hnology of the production of fissionable 
iterials) and the physical metallurgy of 


elements of atomic number less than 83 
5. Instrumentation, including circuits, 


yunters, ionization and cloud chambers, 
eutron detectors (excluding fission 

ambers electronuclear accelerators, 

ch as cyclotrons, betatrons, Van de 
Graaff generators, etc 


6. Medical and biological research and 
ealth studies (excluding work with ele- 
ents of atomic number 90 and above). 
7. Chemistry and technology of fluorine 
mmpounds (except the specific applica- 
on in AEC installations). 


The declassification system, _ first 
organized by the Manhattan District 
to provide a means of authorizing the 
release of technical information after 
appropriate review and evaluation, is 
still the designated procedure for re- 
leasing all Project technical information 
except that which is included in the 
unclassified areas of research. 

\ committee of experts studied the 
problem of declassification shortly after 
the war and recommended policies. A 
centralized system was set up to de- 
classify documents, a guide established 
that specified what types of information 
could be declassified—in general, basic 
science—and what technology was vital 
to production of fissionable materials 
and atomic weapons and could not be 
released. To interpret and apply the 
declassification guide, the AEC ap- 
pointed about 100 scientists to serve as 
‘Responsible Reviewers (RR).”’ In 
addition to their regular duties, these 
scientists examine the individual docu- 
ments submitted for declassification 
and recommend action. The AEC also 
appointed four ‘‘Senior Responsible 
Reviewers (SRR),” prominent scientists 
who advise on policy matters and re- 
solve borderline cases of declassification. 
Also, at each site a Coordinating 
Organization Director (COD) is ap- 
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pointed to handle declassification mat- 
ters for the individuals at the site and 
to make the initial review and recom- 
mendation concerning papers originat- 
ing at the site. The ARC's Declassi- 
fication Branch consists of a relatively 
small number of scientists who ad- 
minister the program; the Declassifica- 
tion Officer at Oak Ridge, Tenn., 
certifies actual declassification of each 
individual paper. 

\ Project scientist desiring to de- 
classify a document, submits it to the 
COD of his installation If release of 
the paper is in accordance with the 
organization’s policies, the paper is 
forwarded to the appropriate responsi- 
ble reviewer. It is then checked and 
forwarded to the AEC Deeclassification 
Officer with the COD and RR opinions. 
The Deelassification Officer may, if 
necessary, refer the paper to an SRR for 
further review He then formally 
approves or disapproves declassification 
on the basis of the reviewers’ recom- 
mendations. If declassification is ap- 
proved, the author can disseminate the 
information as he chooses 

When a paper submitted for declas- 
sification is found to contain data which 
is not releasable, this specific data is 
usually deleted so that the author 
can revise and issue his document 

It can be seen that the declassifiea- 
tion system was designed primarily 
to serve Project scientists familiar with 
Project information and in a_ position 
to request declassification of specific 
documents. 

The AEC research program is carried 
out by a large number of contractors 
located throughout the country. All of 
the contractors have their own infor- 
mation programs and policies, some well 
established through many years of 
operation. Nevertheless the contractor 
laboratories have all cooperated in 
establishing a systematic information 
program. The need for a rather cen- 
tralized system developed principally 
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from the mutual interests of all sites 
in handling and distributing classified 
The 


used for the 


information centralized system 


is. now dissemination 
of unclassified information originating 
throughout the Project. 

The Technical Information Branch of 
the AEC is responsible for operating 
the centralized phases of the work. Its 
functions are designed to serve both 
the Project and off-Project needs. In 
most cases the services rendered to 
Project and non-Project scientists are 
almost identical as pertains to unclassi- 
fied information. 

As mentioned before, the AEC en- 
courages the publication of scientific 
information in the established journals. 
Perhaps it would be more accurate to 
say that the AEC relies on such publica- 
tion since scientists in general seldom 
encouragement to publish their 
Nevertheless, to promote pub- 
AEC 
published article as an adequate report 
of the 
research organizations are 


need 
work. 
lication, the 


often accepts a 


work it sponsors, and certain 
authorized 
to pay page costs and similar expenses 
with the 
the work done in their laboratories 

As a supplement, the AEC has a 


rather limited program for distributing 


associated publication — of 


declassified and unclassified documents 
which are not otherwise published. In 
this case, the documents are reproduced 
and sold to the publie at a nominal cost. 
In selling documents, the AEC acts as 
agent for the Government Superintend- 
ent of Documents, and all funds received 
are paid to the United States Treasury. 
At present about 1,030 documents are 
listed forsale. Thisis roughly one third 
the total number of declassified docu- 
ments. Of the 
mately half have been published and 
half are to be included in the National 
Only a small 


remainder approxi- 


Nuclear Energy Series. 
of the declassified documents 
These 


percent 
is unavailable to the public. 
brief abstracts of 


are items such as 
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lectures, or drawings declassified for 
AEC docu- 
available from the 
Commerce (Office of 
Periodically the 


commercial purposes, etc. 
ments are also 
Department of 
Technical Services). 
AEC issues price lists; the Government 
Office, the Department of 
OTS number of 
technical journals have listed available 
AEC documents. Henceforth, the AEC 
will issue semiannually its cumulative 
Document Release Lists of all available 
declassified and unclassified documents 


Printing 


Commerce's and a 


showing where they may be obtained. 
One of the most important services 
rendered by the AEC is its program for 
the preparation of the National Nuclear 
Fifty to sixty volumes 
information 
energy 


Energy Series. 
of declassified nuclear 


developed within the atomic 
project are already scheduled. 

During the war, when all research 
compartments, the 


divided into 


various scientific groups made separate 


was 


plans for preparing permanent records 
of their Later these 
groups agreed to combine their work in 
NNES 


Kight have been published so far. 


achievements. 


what are now the volumes. 


Perhaps of most use to scientists 
interested in atomic energy is the semi- 
monthly journal Ab- 
stracts issued by the Technical Informa- 
tion Branch of the AEC. It contains 
abstracts of publications and documents 
relating to the field of nuclear science. 
The journal includes abstracts of all 
unclassified atomic 


Nuclear Science 


declassified and 


energy reports and, as extensively as 


possible, covers technical publications, 
Each issue 


both foreign and domestic. 
is extensively indexed, and a cumula- 
tive index for all issues is prepared for 
each semiyearly volume. 

Most digests are prepared by the 
Technical Information Division in Oak 
Ridge, but to broaden its coverage, the 
AEC has contracted with the John 
Crerar Library in Chicago to abstract 
pertinent articles in many periodicals. 
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Primarily for scientists within the 
\EC program, the journal has so proven 
ts value to nuclear scientists generally 
that it has been made available to all. 
lo facilitate the 
journal, the Technical 
Oak Ridge is offering the 


journal in exchange for technical publi- 


distribution of the 
Information 
Branch at 


cations issued by other societies and 
nstitutions. Nuclear Science Abstracts 
s also available to the public on a sub- 
scription basis from the Technical In- 
formation Branch. 

In addition to the services described 
AEC technical information 
program includes special projects such 


above, the 


is the preparation of a ‘‘Sourcebook on 
Energy,” suitable for use by 
textbook This 
book is being written by a prominent 


Atomic 
teachers and writers. 
physical chemist and well-known author, 
Dr. Samuel Glasstone. 

Another project originated in a sur- 
Industrial 
that 
efforts be made to select and declassify 


vey by the Commission’s 


Advisory Group. It proposed 
information of industrial value that had 
been developed by the atomic energy 
Accordingly, a trial program 
has been initiated. An advisory com- 


program. 


mittee of representatives from industrial 
and technical 
a meeting with Commission 


and scientific societies 
press at 
representatives on September 1, 1949, 
that a party of 


experts be appointed, granted security 


suggested working 


clearance, and given access to necessary 
data. As 
fields of industry, the working party 
would select information deemed valu- 
able to industry. AEC will declassify 
the material where possible, and by a 


representatives of various 


cooperative arrangement with the tech- 


nical journals, it will be published. 
Original investigators will be credited 
and, when possible, invited to write and 
edit the material for publication. In 
this trial program, search will be limited 
to pumps, valves, blowers, instrumen- 
tation, and other developments involv- 
ing metal work which probably can be 
declassified. Future plans will be based 
on the success of this first trial program. 

It should be mentioned that the pro- 
grams discussed here pertain strictly 
to scientific information. Of course 
much information which can be classed 
as technical is given out through official 
speeches and releases. Copies of all 
important speeches and releases are 
available from the public information 
offices at most AEC installations. In- 
formation for educational purposes is 
also available from the AEC in Wash- 
ington, D. C. 

Readers interested in obtaining more 
information or material concerning the 
technical 
quested to direct inquiries to the Atomic 


information service are re- 
Energy Commission, Technical Infor- 
mation Branch, P. O. Box E, Oak 
Ridge, Tennessee. 


STAFF REPORT BASED ON AEC’S SEVENTH SEMIANNUAL REPORT 


individuals, calling for the performance 
of a research and development task. In 
many 
ceives a physical product, an instru- 


The dual purpose of the AEC as a 
producer and consumer of scientific and 
technical information, which would be 
difficult enough to achieve if all techni- 
cal information was produced and dis- 
tributed by one central office within the 
AEC, is further complicated by the 
decentralized research and 
The AEC enters 
universities, re- 
industries, 


Project’s 
reporting activities. 
with 
institutions, 


into contracts 


search and 
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instances, the Commission re- 
ment, or a weapon as a result of the 
contractor’s work, but generally, per- 
formance under the contract is indicated 
by the transfer to the AEC of a piece of 
knowledge in the form of a scientific 
and technical report. In 1949, 350 re- 
search and contractors 
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development 








produced about 4,000 reports, of which 
2,900 were classified and subject to 
security control and limited distribu- 


The 


and, in 


tion. balance were unclassified 


principle, available to the 
general public 

All too often, it Is supposed even by 
that the 


discovery of new knowledge in a labora- 


some scientists themselves, 
tory is the beginning and end of the 
scientific enterprise; but without the 
structure of publication, collection, in- 
dexing, abstracting, etc., the scientific 


enterprise would degenerate into a 
welter of repetitious fact-finding. In 
short, there is scientific advance because 
science 1s cumulative; each new dis- 
covery Is based upon recorded and or- 
ganized knowledge and, in turn, be- 
comes part of the record for subsequent 
discovery. As summed up recently in 
a major address before the American 
Chemical Society, ‘‘publication is the 


lifeblood of science.”’ 


Classified Information 


Scientists within and without the 
Project are accustomed to use and par- 
ticipate in certain established forms of 
The _ first 


step in scientific communication is the 


scientific communication. 


research report. This in turn becomes 
an article in a scientific journal, an item 
in an abstracting service, an index entry 
in a catalog, a chapter in a treatise, and 
contents of a 


ultimately part of the 


technical library. Since much of the 


research results of Project scientists 


falls in the area of ‘‘restricted data” and 
cannot be released to become a part of 
this regular pattern, the AEC has had 
to duplicate much of this pattern as a 
special system of communication within 
the Project. Corresponding to the 


scientific article destined for general 


circulation are classified reports which 


must be limited in circulation, but 


which also must be made available 


promptly to all other scientists within 


the Project who are working on the 


related problems. At the 
present time, most of these reports ar¢ 


same or 


circulated as individual documents, but 
the AEC has established one classified 
scientific journal, and is planning defi 
nitely to expand its classified journa 
The 


journals in which their results can be 


program. existence of classified 


published and disseminated is expected 


to help overcome the disinclination oi 


scientists to work in classified areas 
Most classified reports are prepared 
in multiple copies by the individual 
laboratories and are distributed by them 
direct to one another. This direct dis- 
semination avoids the delay of process- 
ing all reports through a central office 
but it has necessitated a system of safe- 
guards which is designed to insure that 
distribution is made only to authorized 
recipients. This direct though limited 
distribution is controlled by “Standard 
Lists.’ The AEC Divi- 


fesearch, in agreement with 


Distribution 
sion of 
other divisions concerned, 
these Standard Distribution Lists which 


contain categories of distribution and 


prepares 


Each category ap- 
Distribution 


define their scope. 
the Standard 


isotope separation, reactors, 


pearing in 
Lists, ¢.g., 
metallurgy and ceramics, etc., is ac- 
companied by a scope note which speci- 
fies what shall be included under each 
category and what shall be excluded 
The listing of a name of a site labora- 
tory, office, agency, etc., under any 
category constitutes authorization for 
the distribution of reports. 

The 


search results in the form of a report or 


primary dissemination of re- 
a scientific article is, as we have said, 
only one element in the pattern of 
scientific communication. Correspond- 
ing to such abstract services as Chemical 
Abstracts or Physics Abstracts, the AEC 
Abstracts of Classi- 


has established 


fied Research and Development Reports 


(ACRDR). Authorized 
this publication are kept informed cur- 
rently of all classified research in prog- 
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ess throughout the Project. Certain 
highly classified reports and reports of 
mited interest are omitted, however. 
1CRDR is issued twice monthly and in 
1949, abstracted 1,630 reports and docu- 
Each ACRDR is 
and definite 
Hence, with full regard for 


ents copy of 


numbered assigned to a 


recipient 


the requirements of security, ACRDR 


serves as an indispensable tool for 


digesting and collecting the diverse 


results of AEC classified research. 
Once a report has been disseminated 
ind abstracted, it takes its place in one 
of the many classified document rooms 
maintained by the AEC. More than 
500,000 research and development re- 
ports are in organized collections in 
AEC 
The 


tains a complete collection of all reports 


libraries and document rooms 


Washington headquarters main- 


produced and the AEC document room 
maintained by the Technical Informa- 
tion Branch at Oak Ridge serves as a 
distribution center for supplying the 
several 


collections maintained by the 


contractors. These collections are not 
files, 


in which research reports take the place 


but highly organized repositories 


of ordinary technical books and journals. 
The Branch 
catalogs all dis- 


Technical Information 


reports received and 
tributes eards to other document collec- 
tions \ set of cards for an individual 


report consists of an author card, a 
report number card, and sufficient sub- 
ject cards to comprise a complete sub- 
ject index to the report. During 1949, 
8,085 reports and 
2,485,886 cards were sent to 68 docu- 
The 8,085 reports cata- 
loged represent 4,678 new reports; the 


were cataloged 


ment rooms. 
balance of 3,407 is made up of reports 


which required recataloging and ac- 
cumulated backlog from the war vears. 
In the Fifth Semiannual Report, prog- 
eliminating this 


The total elimination of the 


ress in backlog was 
reported 
wartime backlog has now been achieved 


and cataloging of research and develop- 
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ment reports is now on a fully current 
AKC re- 
ports now contains approximately 200,- 
000 cards covering 38,000 reports 
Scientists use journals to maintain 


basis. A complete catalog of 


their awareness of current progress in 


their specialties; but such journals 
require to be supplemented with hand- 
The 
AEC is preparing a series of such books 
as a classified part of the National 
Nuclear Energy There 
ultimately be 60 classified volumes in 
1949, 12 volumes 


were edited and prepared for press 


books, compendia, and treatises 


Series will 


this series. During 


Department of Defense 

In May, 1948, the Military Liaison 
Committee formulated policies and out- 
lined procedures establishing a program 
for the interchange of technical reports 
and information between the AEC and 
various agencies of the Department of 
Defense. Current classified and un- 
classified technical reports developed 
the AEC are 


by research facilities of 


— 


? 
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now moving on standard distribution to 
designated agencies of the Armed 
Services having a need for certain 
categories of technical information. 
Approximately 800 reports are furnished 
monthly to military offices and their 
research facilities. In addition, pro- 
cedures have also been established for 
the handling of specific requests for the 
military for technical reports and in- 
formation, including restricted data. 
Conversely, the AEC is currently 


receiving technical information devel- 


oped by military agencies. 


Unclassified Information 

Whereas the classified technical in- 
formation services of the AEC are de- 
signed to reproduce, as an isolated whole 
and within a limited area, the regular 
patterns of scientific publication and 
dissemination, the unclassified informa- 
tion services are designed to utilize and 
supplement this pattern 

The basic element of utilization of 
published scientific information is, of 
course, the collection of all journals and 
books which are likely to contain infor- 
mation relevant to the program of the 
AEC and its contractors; thus, through- 
out the Project there are active tech- 
nical libraries serving laboratories and 
research installations. It should be 
remembered that many of the AEC’s 
major laboratories are far from univer- 
sity and industrial centers, and research 
libraries have had to be built and staffed 
concurrently with laboratories and pro- 
duction plants. This does not mean 
that the AEC sets up a separate tech- 
nical library for every research project 
which it sponsors. To the extent that 
research projects are located on uni- 
versity campuses or at established in- 
dustrial centers, project personnel are 
able to use existing libraries. A new 
technical library is established by the 
AEC only in conjunction with a new 
major laboratory, in keeping with the 
policy set forth in the section on library 
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facilities in the report of the President 
Scientific Research Board (Steelmar 
Report): 
quent reference to be physically acces 


“For those materials of fre 


sible to the research worker, the techni 
cal library has to be located in or nea 
the laboratory. However, provision o 
adequate library facilities is an expen 
sive task calling for trained personne! 
These two facts, in combination, add 
weight to the conclusion found els« 
where that large laboratories are bette: 
Only in the 
large laboratory can the expense of 


than small isolated units. 


adequate library resources be spread 
over research operations extensive 
enough to make library cost a relatively 
negligible item of overhead.’ Thus, 
technical libraries supported by AE(¢ 
funds are located at Oak Ridge, Knolls 
Atomic Power Laboratory, Mound Lab- 
oratory, Westinghouse Atomic Power 
Division at Pittsburgh, Brookhaven 
National Laboratory, Argonne Nationa! 
Laboratory, Los Alamos, Sandia, and 
Hanford where they service major 
laboratories, and at Washington for the 
use of the headquarters staff. 

The AEC sponsors a considerable 
volume of unclassified research and also 
maintains a program for declassifying 
research results which no longer require 
security control. The unclassified and 
declassified reports have been released 
to the public in various ways. As a 
major method of dissemination the AEC 
encourages Project scientists to arrange 
for publication in established privately 
supported scientific periodicals. 

The AEC’s policy in this regard is 
supported by an overwhelming number 
of project scientists who do not wish to 
see the AEC or any other part of the 
Federal establishment assume the re- 
sponsibility for publishing its contribu- 
tion to research. Unfortunately, the 
private scientific societies are unable, 
at the present time, to publish the 
results of the greatly expanded present 
volume of Federally supported research, 
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Ss = oho a 


luding AEC And the 
iC may be forced in the future either 


research. 


provide financial assistance to private 


publish information 


which 
AEC is interested in dissem- 


irnals 
ich the 
iting or to inaugurate its own un- 
ssified research journals. The Na- 
mal Research Council will shortly 
rganize a conference of editors of the 
eading scientific journals in order to 
plore the extent of federal responsibil- 
for the support of scientific publica- 
tion The AEC, 
Federal research agencies, is awaiting 


along with other 
he result of this conference before at- 
empting to estimate the extent of its 
obligation to extend financial support. 

In order to make that the 
services of the Technical Information 


sure 


Branch will be adequate to the research 
needs and aims of the AEC, the General 
established 
Information Committee consisting of 
representatives of the Research Divi- 


Manager has a Technical 


sion, Division of Biology and Medicine, 
Division of Military Application, Divi- 
sion of Reactor Development, Raw 
Materials Office, Office of Classifica- 
tion, and the Division of Publie and 
rechnical Information Service; and a 
lechnical Information Panel represent- 
ng the major contractors, as advisory 
bodies in the field of technical informa- 
tion. These two groups meet regularly 
to evaluate the effectiveness of existing 
technical information services and to 
consider plans for the extension of such 


services 


Processing of Information 

To facilitate the processing of infor- 
mation, the AEC has joined with the 
Department of Agriculture in the de- 
velopment of a machine known as the 
Rapid Selector. The selector operates 
like a research worker looking through 
the cards in a library catalog, but at 
much greater speed. With properly 
coded entries, the machine will sean 
ip * 120,000 
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subject entries per 


minute, compared to a dozen or two 
entries which a fast worker may exam- 
ine in the same time. Moreover, it will 
reproduce, on the spot, an abstract of a 
document or, if properly set up, the 
time now 


local 


libraries or in waiting for the informa- 


document , Saving 


original 
spent in searching shelves of 
tion to come from distant places 
First use of the selector by the AEC 
will be for the maintenance of records 
of new research with radioisotopes, 
which are among the most important 
research tools of modern science. Iso- 
tope information will be cataloged by 
physical characteristics such as_ the 
energy and type of radiation, by appli- 
cations such as use in medical treatment 
and diagnosis, by method of production, 


and other factors 


Reproduction and Dissemination 

The Joint Congressional Committee 
on Printing has authorized the AEC to 
maintain a field printing plant at Oak 
This 
Ab- 
bibliographies, 
reports, both 
within and without the atomic energy 
As noted earlier, the program 


Ridge, for departmental printing. 
plant reproduces Nuclear Science 
cards, 


stracts, index 


etc., for dissemination 
project. 
of decentralized research and reporting 
provides for the preparation of reports 
for Project dissemination by the various 
contractors. When, 
tractor lacks facilities for reproduction 
and dissemination of his reports, the Oak 
Ridge plant will reproduce such reports 


how ever, a con- 


for Project distribution on the basis of a 


master copy prepared by the contractor. 
By agreement with the Joint Committee 
on Printing, all AEC publications which 
are intended for dissemination outside 
the Project and which are not thought 
to be at the 
Government Printing Office are pub- 
lished and disseminated by the Field 
Printing Plant at Oak Ridge. During 
1949, the plant at Oak Ridge printed 
25,000,000 pages. £ND 


suitable for printing 








Desirable Improvements in Nucleonics Instruments" 


A 5-million dollar instrument industry has sprung up since 


the end of the war. 


A pioneer in the field details here 


some of the growing pains of this industry and gives spe- 


cific advice to both 


the manufacturer 


and 


the user. 


By J. B. H. KUPER 


Chairman, Instrumentation and Health Physics Department 


Brookhaven 


National Laboratory 


Upton, New York 


BEFORE THE WAR there was practically 
no industry concerned with nucleonics 
instrumentation. 
handful of 
Geiger counters and other special equip- 


There was perhaps a 
manufacturers producing 


ment for university laboratory use. 
Some of these manufacturers are still in 
business today, but the original handful 
is now hard to find in the group of 
competitors. 

During the war the Manhattan Dis- 
trict took extreme pains to conceal the 
fact that it was working in the field of 
nuclear physics, and, as a result, it was 
only very late in the war that any 
nucleonics instrumentation was put out 
Practically all of the 


equipment used in the development of 


on contract. 


the atom bomb and for protection of 
the workers at Oak Ridge and Hanford 
was produced within the Manhattan 
District itself. 
ment never went through the proper 


As a result, the equip- 


engineering development, such as it 
would normally receive if it had been 
contracted. 

After Hiroshima, efforts were made 
to get industrial production of nucle- 
onics instruments and, at the same time, 


* Based on an address presented at the 
Second Annual Joint IRE-AIEE Conference on 
Electronic Instrumentation in Nucleonics and 
Medicine, November 2, 1949. The opinions 
expressed here are those of the author and do 
not necessarily represent the position of Brook- 
haven National Laboratory. 


26 


to close down the production formerly 
National 


predecessor, the 


carried on at the Argonne 
and its 
Metallurgical Laboratory.t We 


now reached the point where we have 


Laboratory 
have 
manufacturers producing 
portable Geiger 
On the other hand, 
there are many types of equipment, 


too many 


sealers and counter 


survey equipment. 


of less general applicability to be sure, 
for which we have only a single source 
of supply, and, in some cases, not even 
that. 
the small manufacturers are to stay in 
will find it 
necessary to diversify their lines and 
heavily on the 


It seems apparent that if all of 


business, some of them 
not concentrate so 


instruments they consider to be of 


broadest commercial appeal, as the 
great majority do at present. 

Since the equipment built under the 
Manhattan 


saw any appreciable amount of field 


District’s auspices never 


service, but was used only under labor- 
atory conditions, the components used 
and the general designs were definitely 
not suitable for long-term serviceability. 
The same is true of the early production 
of the various manufacturers 
immediately following the war. 

In the setting up and initial equipping 


small 


+ See, for example, the article, “Survey of 
Nucleonics Instrumentation Industry, by 
R. E. Lapp, Nucieontics 4, No. 5, 100 (1949). 
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Brookhaven 
ictically all of the equipment had to 


National Laboratory, 


purchased from the postwar produc- 
mn, since the Manhattan District pro- 
ction had been geared very closely to 

immediate demands, and little was 
I look back to- 


y at this early equipment and am a 


ailable on surplus 


ttle startled, even now, at how poor it 
vas in design and execution, from the 
standpoint of serviceability. The com- 
ponents used were of very poor quality 
nd, in many cases, inadequate as to 
that the 


ime more from poor workmanship and 


tings. I believe troubles 
omponents than from poor original de- 
both 


present. 


gn, although factors were un- 
loubtedly 

In the early postwar equipment, the 
two principal difficulties experienced 
vere failures in high-voltage supplies 
for Geiger counters and short life, or 
generally poor performance, of the Geiger 
counter tubes themselves. Many ma- 
jor items of equipment were inoperative 
and, in several cases, 


when received 


never gave satisfactory performance. 
But, by and large, it was quite evident 
that test procedures were haphazard, 
tosay the least. Also, we were plagued 
with shipping damage caused, in prac- 
tically all cases, by slipshod packing 
methods. It was not infrequent that 
an elaborate piece of equipment, con- 
taining perhaps 30 tubes and costing 
well up towards a thousand dollars, 
would be packed in a shipping box with 
so little that the 


would tear itself loose from the cabinet 


protection chassis 
and the panels and knobs would get 
bent and broken. 

To sum up the present status of the 
industry, we now have probably more 
than adequate competition among pro- 
ducers of a comparatively small number 
of items of wide general interest, and a 
great scarcity of producers of the more 
specialized items. The product being 
made now is far better in workmanship 
and in quality of components than it 
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was two or three years ago, and much 
of the difficulty with shipping damage 
has been eliminated. However, there 
is still plenty of room for improvement 
in both of these respects, and we are 
still plagued by such problems as short 


shelf life of Geiger tubes 


DEVELOPMENTAL PROBLEMS 
From the volume standpoint, the in- 
struments designed for use in connection 
or radiation pro- 
the 


with health physics 


tection) programs are, of course, 
outstanding ones, so it may be well to 
consider them first. 

Instruments used for radiation pro- 
tection work can be divided into three 
major classes— personnel protection in- 
struments, which are usually equipment 
very light in weight to be carried or 
worn on the person for evaluating the 
dosage received during the course of the 
day’s work; survey instruments, usually 
portable, which are used to explore a 
laboratory or factory to locate sources 
of radiation in potentially harmful 
quantities and to evaluate with more or 
less precision the dose that will be re- 
ceived by a worker in any particular 
operation and location; and monitoring 
instruments, usually of a fixed or semi- 
portable nature, to be set up at strategic 
locations around a laboratory or factory 


to warn of dangerous conditions. 


Personnel Instruments 


Instrumentation for personnel pro- 


tection has progressed considerably 


since the early days when we used to 


carry, ina shirt pocket, a piece of dental 
X-ray film, with a penny snapped to it 
as our means of 


with a rubber band, 
the 


same, 


evaluating dosage. While prin- 
ciples remain the the 
pocket dental X-ray film has evolved 
into the which 
usually includes two films, one of high 


largely 


modern film badge 
and the other of relatively low sensi- 
tivity. The portion 
covered with a rather heavy shield and 
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badge has a 











another part comparatively open, so 
that some distinction can be made be- 
tween hard and soft radiation. It may 
also incorporate a cadmium shield to 
provide some enhanced sensitivity for 
slow neutrons. 

These devices are completely worth- 
less in detecting alpha radiation and 
may give rather misleading results if a 
part of the body is exposed to beta rays. 
Where people are engaged in manipu- 
lating radioactive substances by reach- 
ing around a protective screen, smaller 
film badges in the form of wrist badges 
or film badge rings are often employed. 

On the whole, this method is quite 
satisfactory as far as gamma-ray ex- 
posure is concerned, but leaves much to 
be desired where neutron exposure is 
known to be present. Where there is a 
known fast neutron hazard, the badge 
includes a special film (which is proc- 
essed separately) to record fast neu- 
trons by observation of the recoil 
tracks of protons in the gelatin of the 
emulsion. This requires a special proc- 
essing technique, after which the films 
must be examined, under extreme high 
power, with a microscope. The neu- 
tron exposure is estimated then by 
counting the number of proton tracks 
found in a certain number of fields of 
the microscope. ~ Needless to say, this 
method is rather tedious and results in 
considerable strain on the operators of 
the microscopes. 

Supplementing the film badge tech- 
nique, we have the various forms of 
pocket 
may or may not incorporate a quartz 


ionization chambers, which 


fiber electrometer so as to be instant 
reading. Ordinarily each laboratory 
worker is provided with two pocket 
chambers of the nonindicating variety, 
The fact that two are always used is an 
indication of the lack of reliability of 
these chambers. They are subject to 
accidental complete discharge if dirt 
is shaken loose in them or if they are 


subjected to severe shock. They may 
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also be discharged through leakag: 
across the insulator, particularly wher 
it is exposed for charging. The pocket 
chambers are ordinarily read every 
evening, and if both chambers carried 
by an individual show an apparent 
exposure, the film badge may be 
developed at once instead of waiting 
to the end of the normal one-week 
period. By suitable choice of walls 
for the ionization chambers, it is 
possible to achieve a response approxi- 
mating that of animal tissue to X-rays 
and gamma rays over a wide energy 
range. The chambers are ordinarily 
completely insensitive to alpha par- 
ticles and will respond to only the most 
penetrating beta rays. 

By lining the ionization chambers 
with boron instead of the customary 
graphite, it is possible to make them 
sensitive to slow neutrons, but it is 
rather more difficult to produce a 
chamber sensitive to fast neutrons. 
This can be done by coating the walls 
of the chambers with some material 
containing a large amount of hydrogen, 
but the over-all sensitivity is dis- 
appointingly low. The ideal thing 
would be to produce a chamber which 
would respond to mixed radiation, 
beta, gamma and neutrons of varying 
energies, in the same way that the 
human body does. If one interprets 
the word ‘‘respond’’ literally, this is 
clearly impossible, but some improve- 
ment over the present situation could 
doubtless be made. The problem is 
complicated, of course, by the fact that 
the chambers to be carried by an 
individual worker must not be very 
large, nor must they weigh more than 
an ounce or so. 

Thus, we have reasonably satis- 
factory instrumentation for personnel 
protection against hard betas and 
gammas. We have no satisfactory 
means for dealing with external alpha 
particles or soft betas, but these are 
not considered to be problems in con- 
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nection with external radiation, since 

general weakly penetrating 
articles will not be able to get through 
the skin 
inhaled 


such 


the dead outer layers of 
rhe 
lpha-emitting substances, and of in- 


fected cuts, is rather specialized and 


problem of ingested or 


not amenable to solution by instru- 
the This 
problem of detection of 


nents worn on 
the 


quantities of 


person. 
eaves 
neutrons, and 
fast 
is the major outstanding problem. 


small 


ost particularly of neutrons, 


Survey Meters 

Turning now to the portable survey 
that the 
them 


nstruments, we find over- 


whelming majority of can be 
grouped into two classes, those em- 
ploving counters and usually a counting- 
rate meter, and those in which some 
form of ionization chamber is used in 
connection witha miniature electrom- 
eter tube circuit. The portable Geiger 
counter instruments are very convenient 
for rough prospecting work, but, be- 
cause of the vagaries of the usual Geiger- 
Miiller tube, they 


lor precision 


are not dependable 
work. In 
fact, at Brookhaven we do not calibrate 


quantitative 


these instruments, although they com- 
monly are equipped with a scale reading 
in ‘‘mr per hour.” 

Our principal reason for not putting 
a calibration in mr per hour on our 
portable Geiger counter instruments is 
that we very often find people believing 
the meter indications and attempting 
to use an instrument designed and 
calibrated for gamma rays on a mixed 
field, 


misleading. In 


beta-gamma_ radiation with re- 
sults that are 


principle, at least, one should be able 


quite 


to design a Geiger counter tube which 
would have something like a flat re- 
beta 
a practical matter, this 


sponse to gamma and rays 
However, as 
appears to be very difficult. 

have the usual 


counter 


In addition, we 


with the tubes 
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difficulties 


(short life and instability of the plateau 
region with respect to temperature 
so that we do not consider them for 
Instead, 


surveys to 


measurements 
for quick 


locate spills or regions requiring close 


quantitative 
we use them 
study. With this point of view, it is 
an easy step to decide to leave out the 
count-rate meter altogether and simply 
provide a pair of headphones for 
monitoring the behavior of the counter 
audibly. <A few this 
tvpe have made their appearance on 
the should follow. 
They are obviously cheaper and some- 
the 
tvpe with the indicating meter. 

The 


chamber, 


instruments of 


market and more 


what lighter than conventional 


ionization- 
instru- 


various types of 


electrometer survey 
ments suffer from a few common com- 
plaints. If they are 
thin window to let in alpha particles, 


provided with a 


the same thin window appears to let 
in an inordinate amount of moisture, 
and since they must necessarily operate 
order of 10! 
10°? ohms, 
the problem of protecting them against 
The de- 


window 


with grid leaks of the 


ohms. or, in some cases, 


humidity is a serious one. 
good 


material, thin enough to transmit alpha 


velopment of a really 
particles, yet impervious to moisture, 
would be a considerable help in this 
Here 
detecting 


connection, again there is no 


problem in hard betas or 
gamma radiation 

The ion chamber can be 
that 


operation is not too hard to secure. 


sealed up 
sufficiently well so dependable 
The problem then is principally one of 
battery life in the portable equipment. 
this 
much use 


Chambers of sort, however, are 


when it comes to 
especially if 
the neutrons are accompanied by a 


not of 
dealing with neutrons, 
gamma-ray background, as is usual. 
There are a few other types of survey 
instruments which do not fall neatly 
into either of the 


tioned above, an example being the 
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two classes men- 














‘‘poppy,’’ a portable proportional coun- 
ter used for detecting alpha radiation. 
There has recently been a considerable 
amount of development work expended 
on various forms of the poppy-type of 
instrument, and it is to be hoped that 
this will soon bear fruit in the way of 
more serviceable equipment than has 
been available up to the present. 

In addition to the 
counter 


proportional 
(which, after all, is a very 
old device, having been invented in 
1008 or thereabouts), 
of - still 


measuring radioactivity 


we have a revival 


another ancient method of 
the seintilla- 
tion counter. For much of our labora- 
tory work in counting alpha particles, 
we have abandoned the usual ionization 
chamber techniques and substituted 
a scintillation counter, consisting of a 
zine sulfide screen deposited on the 
wall of a photomultiplier tube. It is 
quite possible that some form of sein- 
tillation counter may turn out to be a 
more satisfactory instrument for alpha 
survey work than the poppy variety, 
since it appears possible to easily 
achieve a lower background or spurious 
with the scintillation 
with the 


high-voltage 


counting rate 


counter than proportional 


type, and the circuits 
requiring good insulation can be pro- 
tected better from effects of humidity. 
It would be very desirable if a scintilla- 
tion counter could be developed for 
neutron detection. Fast neutrons can 
presumably be detected by using one 
of the organic scintillating crystals, 
such as anthracene, but so far no one 
appears to have done this in a portable 
Slow 


detected by a 


instrument. neutrons might be 


crystal incorporating 
boron or some other substance exhibit- 
ing a high cross section for slow neutron 
absorption. Given a reasonably satis- 
factory detector for slow neutrons, one 
could use it to study fast neutrons, 
provided one can put a paraffin shield 


Phis 


procedure is not often possible for a 
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around it to slow them down 


portable instrument because of th 


large thickness of paraffin neede: 


around an already large counter tube 


Monitors 
The various types of stationary o 
semiportable monitoring equipment ar 
usually too specialized to have reached 
any mass production stage at all an 
Many 
of their problems are similar to thos¢ 


will not be considered here. 


counting 
which will be considered next 


of laboratory equipment 


LABORATORY EQUIPMENT 


In a counting room, we have to 
deal with all types of radiation, al- 


though neutrons are present usually 
only in the neighborhood of a pile or an 
electro-nuclear accelerator, and = very 


wide ranges of intensity must be 


measured. Depending on the type of 
experiment under way, we may have 
to measure the activity of a sample of 
phosphorus, then, after diluting it, 
feeding it to a rat and allowing time 
for its distribution in the rat’s body, 
we recover small samples from various 
portions and must determine how much 
of the original activity went to the 
various locations. Perhaps only a 
few percent of the material administered 
was retained by the animal, and of this 
few percent any one organ may contain 
only a very small fraction, beside 
which the material has decayed con- 
siderably in the interval. As a result 
we have commonly to deal with count- 
ing rates which at one end tax the high 
speed capability of our equipment and 
at the other end may be only a fraction 
of the background which we have tried 
to reduce as low as we possibly can 
Not only do we require a wide range of 
our equipment, but we also, for obvious 
reasons, require stability and per- 
manence of calibration, at least over a 
period of a few hours. 

The latter is not too easy to achieve 


with Geiger-Miiller counters. Actually 


February, 1950 - NUCLEONICS 





IL fe 
thei 
The 
are 
sup 
app 
use 
Nel 
ere 
sult 
ver) 
I 
aba 
fave 
sort 
van 
spul 
too 
and 
spec 
of t 
not 
of tl 
pro} 
stud 
whi 
is p 
the 
ray 
acco 
tion 
of p: 
ing | 
resu 
the. 
W 
tion 
tion: 
is te 
equé 
or tl 
T 
of s 
sup} 
kilo 
case 
long 
rega 
and 
furn: 


NUC 








lly 
cs 








i, es TTS 


feel that these instruments are on 
eir way out for precision work. 
Their advantages and _ shortcomings 


remarkably similar to those of the 
For those 
to 


perregenerative receiver 


pplications where we continue 


se G-M counters, I recommend a 
Neher-Harper or multivibrator quench 
rcuit In this connection, a tube 
suitable for Neher-Harper circuits is 


erv much to be desired 


In manv cases we are tending to 
ibandon the use of Geiger counters in 
vor ol proportional counters of one 
These have the ad- 


sort or another 


intages of comparative freedom from 
which are altogether 


spurious counts, 


too 
and 


speeds 


with the Geiger counter, 
work at 


rates of 


common 


ability to much higher 
the 


of two hundred thousand a minute are 


Counting order 


not unusual Another great advantage 
of the proportional counter is that under 
proper circumstances it is possible to 
study selectively the type of event in 
vhich That is, it 
s possible to count alpha particles in 
the 
rav background, or even beta particles 
addi- 
tion, one can study energy distributions 


you are interested. 


presence of a very strong gamma- 


vwccompanied by gammas. In 
of particles or energy spectra by observ- 
ing the distribution in pulse amplitudes 
resulting from the particles traversing 
the counter 

With proper conditions, the scintilla- 
tion counters can be used in a propor- 
tionalfashion. Therefore, much of what 
is to follow applies with substantially 
equal force to either the proportional 
or the scintillation types of counters. 

To begin with, we have the problem 
of securing really stable high voltage 
supplies in the range from one to four 
kilovolts and, most particularly in the 
case of the proportional counter, with 
long term stability within a volt or so, 
regardless of changes in temperature 


ae 7 aa — eee 


and the like. These supplies need 
furnish only a_ negligible’ current 
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Usually the heaviest drain on them is 
that of the voltmeter itself, but we have 
found considerable difficulty in achiev- 
ing sufficient stability, partly in that 
there is no very good source of reference 
We have hopes that 
some of the newer gas discharge voltage 


voltage as vet 


regulator tubes may, with proper aging 
and possibly temperature control, fur- 
nish a really good reference voltage. 
Generally speaking, the proportional 
counter output is at a rather low level, 
in contrast to 
the 
As a result some form 


of the order of millivolts, 


the order of volts in the case of 
Geiger counter. 
of pulse amplifier is needed before the 


Where 


tional response is desired, the amplifier 


pulses are counted propor- 
is required to accept an extremely wide 
range of very fast pulses and still give 
a linear response. Amplifiers com- 
mercially available for this purpose are 
rather poor in respect to their overload 
characteristics, and we have found it 
necessary to do some development work 
of our own on this. Some preliminary 


work by members of our Laboratory 


has resulted in an amplifier with an 
acceptance range without overload of 
7000 to 1. 


proportional counter applications, but, 


This is adequate for most 


unfortunately, we have not yet solved 
the problem of keeping the gain suffi- 
When 
exploit to its utmost the ability of the 


ciently stable. we attempt to 


proportional counter to 

find it 
to keep the gain of the amplifier con- 
The 
output of the photomultiplier is, in gen- 


distinguish 
electron energies, we necessary 


stant to within a percent or two. 


eral, at a higher level than that of the 
proportional counter, but the character- 
the required for 
energy discrimination are very similar, 


istics of amplifier 
although we can get by with less gain. 
Following the amplifier, we urgently 
need some form of pulse height ana- 
lyzer, preferably of the multi-channel 
variety (the type of instrument known 
to the British the 
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and Canadians 


4S 








‘kick sorter).” 


paratively simple electronic problem to 


Offhand it seems a com- 


take a distribution of incoming pulses 
and sort them into, let us say, ten 
groups according to their height. 
Unfortunately, in the present prob- 
lem, this is not as easy as it appears, 
partly because the pulses to be meas- 
a definite uniform 


ured do not have 


shape. Not only do they occur at 
random times with a wide range of 
amplitudes, but they usually have 


random variations in rise time. To 
avoid changing the pulse heights the 
amplifier must not distort the pulse 
shape; hence the amplifier must have 


stable gain over a very broad frequency 


band. Also it is of great importance 
that the widths of the individual 
channels remain constant, otherwise 


spurious peaks will appear in what 


should have been a smooth curve. 
When the sorting is done with biased 
trigger circuits, one is tempted to make 
the wide to 
minimize the effects of contact poten- 


tial drifts, etc., but this only makes the 


channels several volts 


design of the amplifier and shaper 


circuits more difficult because of the 
large amplitudes required. 

When one sees a multi-channel ‘kick 
in all its glory occupying two 
racks 


sorter” 
full-size 
several hundred tubes, one hopes for a 


relay and containing 
simpler approach to the problem. It 
that 
effected by resorting to some sort of 
modified 
cathode ray tube with collectors repre- 


appears some economies can be 


beam deflection tube, a 
senting the individual channels, instead 
of the complicated system of trigger 
and anti-coincidence circuits 
used in the 


Unfortunately, this does not answer the 


circuits 
conventional analyzer. 
whole problem because it is still neces- 
sary to scale down the counting rate 
in any one channel sufficiently to apply 
it to a mechanical register. 

Various attacks on this problem of 
using a beam deflection method of pulse 
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height sorting are being made at Los 
Berkeley, Brookhaven an} 
elsewhere.* However, for a_ great 
many experiments it is not necessar 


Alamos, 


to have a multi-channel analyzer. 
single sliding channel pulse analyze: 
This 


device is relatively simple to build 


can be used in many cases. 
although still not entirely free of th: 
difficulties of the sort mentioned abov: 
but none is presently available con 
This 
which some enterprising manufacturer 
should fill promptly. 

Finally we come to the question o 


mercially. seems to be a lack 


the sealer, which is necessary in prac- 
tically all cases to cut the counting rat; 
down to something reasonable to appl) 
to a register. Most of the commercial 
sealers were designed specifically to 
work with Geiger-Miiller counters and 
have a speed capability appropriate 
for that However, 
when one tries to take full advantag: 


type of service. 
of the speed of a proportional counter, 
not to speak of a scintillation counter, 
it is that 
faster than those now generally built 


clear sealers appreciably 


are needed. 


DECADE vs BINARY SCALERS 
At present, there 
lamentable tendency to turn to decade 


seems to be a 


sealers rather than the binary type. 
The advantage claimed for the decade 
sealer is that it is easier for untrained 
personnel to record data without mak- 
ing mistakes and to properly interpolate 
between indications. 
ever, there are usually very few cases 
arising in ordinary experimental work 
in which it is worthwhile to use the 
interpolation between register counts, 
providing, of course, that the scaling 
factor in use is appropriate to the activ- 
Fortunately, 


register How- 


ity level being studied. 

*See, for example, ‘Pulse Height Distr 
bution Analyzer"’ by W. E. Glenn, Jr., Nucie 
onics 4, No. 6, 50 (1949), and “The Ten 
Channel Electrostatic Pulse Analyzer’’ by 
D. A. Watkins, Rev. Sci. Instr. 20, 495 (1949). 


February, 1950 - NUCLEONICS 








eqt 
sib] 
ty 
nil 
tim 
me 
saic 
ip] 
ible 
inc 
the 
hav 
( 
min 
cire 
but 
regi 
mol 
will 


furt 


NU 


unts 
‘aling 
retly 
ately 
Dist 

JUCLE 
_ Ter 
949 


NICS 








s permissible not to bother to reset 


sealer, but only the register, and 


error committed in most cases is 
te negligible. On the other hand, 
ordinary decade scaler has tubes 


| other parts in it enough to make a 
a factor of 10 is all that 
ed. In 


nterpolation is rather elaborate and 


le-of-16, vet 


achiev addition, the system 


often can get out of adjustment. 


Ve have found that servicing of 
ide sealers is far more difficult 
in of the binary type, and we seri- 


sly question whether the convenience 
When 


yu are responsible for maintenance of 


interpolation is worthwhile 


eral dozen scalers the servicing prob- 
m looks important 
1 he 


ems to be 


fashion in scalers nowadays 


to build a decade unit as a 
be removed 
This 


irns out to be not nearly as convenient 


ug-in device which can 


hen servicing is necessary 
s one might suppose, since it is neces- 
ary to build some sort of special test 
g in which to service the plug-in unit 


hen it has been removed from its 


egular chassis 
There is now a tendency on the part 
to to build 


quipment which will answer all pos- 


manutacturers attempt 
ble demands and so provide alternate 


types of operation, such as_ predeter- 


ined count as well as predetermined 
and perhaps also a count-rate 
While to be 


said for making instruments for general 


time, 


ete! there is much 


pplication and making them as flex- 
ble as is consistent with good perform- 
nee, it is highly questionable whether 


these alternative types of operation 


have any real value 

Operation of a sealer for a predeter- 
nined time usually requires slightly less 
‘ircuitry than the predetermined count, 
ut this advantage will disappear when 
registers with built-in contacts become 
more common. The choice of method 
vill probably depend on the amount of 


urther computation required to obtain 
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the result in useful form; in many cases 
the predetermined count is awkward 
since it is necessary to take reciprocals 
the background 


when = subtracting 


The advantage that all counts have the 


same statistical accuracy may be il- 
lusory since there are manv_ other 
factors affecting accuracy besides the 
randomness of nuclear events. Per- 
haps some of my preference for the 
predetermined time method stems 
from a feeling that the statistical fluc- 
tuations are being given too much 


prominence in comparison to the other 
errors 

As one of the perpetrators of one of 
the very first counting-rate meters ever 
built, I feel that this device has crept 
into many places where it does not 
most useful 


properly belong. It is 


where it is necessary to record a slowly 


varying activity level, and in some 
portable equipment. However, one 
sometimes sees the statement made 


that it is applicable where it is desired 
to get a quick rough estimate of the 
In the 
ordinary method of using a counting- 


activity of a given sample 
rate meter, it is not possible to save 
\s a 


given 


time over the use of a scalar 
of fact, to 


accuracy takes approximately 2.3 times 


matter attain any 
as long with the count-rate meter If 
one is willing to fiddle around with the 
time constant switch during the course 
of taking the to 
buttons which move the meter needle 
the 
appears to be going) one can achieve a 


reading (or push 


faster in direction in which it 
result exactly equal to that attained 
with the conventional scaler and stop 
watch. The best that can be said for 
the count-rate meters is that, by and 


take 


tubes, and so are not a serious draw- 


large, they do not very many 
back to a piece of equipment. 


I should be disappointed if these last 


criticisms are taken as aimed at the 
manufacturers. On these particular 
Continued on page 45) 
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Notice the high spatial 





impossible to obtain with available ionization chambers 


resolution, 


Roentgen dosage field of a beryllium-window X-ray tube, obtained by luminescence measurements. 


FIG. 1. 
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X-ray tube . 


Lucite rod with phosphor 
imbedded . 


Photomultiplier ~ 
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Measurement of roentgen rates by luminescence of phosphors is feasible. 


It now 


seems possible to replace the presently used ionization standard with a lumines- 


cence standard. 


The apparatus above was used to obtain the dosage configura- 


tions given on the opposite page. 


Luminescence Measurement of Roentgen Dosage 


By BENEDICT CASSEN and LAWRENCE R. CURTIS 


Vedical School, University of California at Los Angeles, Los Angeles, California 


FOR SOME BIOLOGICAL EXPERIMENTS re- 
quiring administration of high dosages 
in a small volume, it is both necessary 
detailed 
dosage distribution around the window 
of the X-ray tube and to obtain dosage 
measurements accurate to at least 10 to 
15%, for the particular tube and voltage 
waveforms There is 
commercially available instrumentation 


and desirable to obtain a 


to be used. no 


I¢ 


r making these determinations, and 
the significance of the r unit for soft 
radiation measurements is not entirely 


*This paper is based on work performed under 
Contract No, At-04-1-GEN-12 between the 
Atomic Energy Commission and the University 
f California at Los Angeles. 
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Because of this, a rather new 

point of view has been taken. 
Previous results (1) that 

luminescence of a small grain of X-ray 


clear. 
showed 


phosphor could be piped through a lucite 
rod to a photomultiplier tube if the 
luminescence sufficient. In a 
phosphor consisting only of very low 
atomic number purely 
organic compound perhaps), the lumi- 
nescence would be a result of Compton 


was 


materials (a 


recoil electrons causing electrons in full 
energy bands to jump into conduction 
bands. Then, whatever the nature of 
the ensuing luminescence mechanism, if 
no saturation effects occurred, the 
luminescence should be proportional to 
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the energy per cm? per sec liberated as 
kinetic energy of recoil electrons. It 
should therefore be proportional to the 
ionization produced per cm? per sec in a 
material of approximately unit density. 
It appeared that, if a suitable material 
could be found, it could be used, after 
proper calibration, to determine roent- 
gen units per unit time under conditions 
where it is impractical or impossible to 
use an ionization chamber. 

It was found 


that several 


organic crystalline compounds, notably 


visually 


anthracene and chrysene, showed mod- 
erately bright luminescence when ex- 
posed to X-rays. Different 
chrysene showed different colors and 
had different 
Anthracene was usable but deteriorated 


brightness efficiencies. 
under very high dosages. 

Wilson (2 
cence of polymerized plastics on expo- 


has reported the fluores- 


sure to X-rays and has speculated on 


their use for photographie dosage 
determinations. On the suggestion of 
Dr. Stanley L. Whitcher of this labora- 
tory, polyvinyl carbazole was _ tried. 


Not as bright visually as the chrysene, 
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FIG. 2. Photocell response is linear with 

X-ray intensity measured in milliamperes 
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brands of 


it was comparable to the anthracer 
After a series of tests for lack of satu: 
tion and for proportionality, it was 
found to be a suitable material for t! 
purpose. As it can 
in large optically clear pieces, it off 


be polymerized 


interesting possibilities for further typ 
of application. 


Preliminary Luminescence Tests 
Two initial tests were made relativ: 
to the variation of the luminescence of a 
small piece of polyvinyl 
plastic. A 50 kilovolt, end-ground, 
water-cooled, beryllium-window X-ray 
tube (3), milli- 


amperes, was used. 


earbazol 


operating up to 50 
The roentgen unit 
output of this tube in a small spatial 
region close to the beryllium window 
has been estimated to be in the neigh- 
borhood of 2,000,000 r per minute (4 
This estimate was obtained, with con- 
stant potential operation, by Braestrup 
by use of a thin-walled ionization cham- 
ber placed 10.0 cm from the center of 
the focal spot and by extrapolation to 
2.0 cm by means of the inverse square 
law. But these tubes are usually excited 
by a full-wave voltage generator and 
Braestrup’s constant potential output 
estimate does not hold. 

The first test was designed to deter- 
mine whether any saturation effects 
existed over the range of intensity used. 
This was done by plotting the photo- 
multiplier amplifier output against the 
X-ray milliamperes of the beryllium- 
window tube operating at 50 kv, with 
the plastic pickup almost in contact 
with the beryllium window. The re- | 
sults are shown in Fig. 2, and clearly 
indicate the essential proportionality of 
luminescence and X-ray intensity ove! 
a very great intensity range. 

The second test was designed to deter- 
mine whether the expectation that the 
luminescence per r per minute was 
reasonably independent of the X-ray 
voltage could be verified. The results 
are shown in Fig. 3. One set of read- 
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FIG. 3. 


ings from 40 to 85 kv was obtained from 
a portable radiographic unit. Another 
set, from 85 to 250 kv, was obtained 
from a 250-kv therapy machine. The 
output of the photomultiplier amplifier 
was checked against an accurate micro- 
ammeter and compared with readings 
obtained from a Victoreen thimble 
chamber dosimeter. 

With the possible systematic errors 
that could arise, either from the photo- 
multiplier measurements or the ioniza- 
tion chamber measurements, the results 
of Fig. 3 are considered to be fair 
substantiation of the expected propor- 
tionality. There does seem to be a 
trend in the direction of there being 
more absorption effect with the plastic 
pickup arrangement than with the 
thimble chamber. More refined meas- 
urements should eventually be made, 
especially if it is found desirable to 
define roentgen rates in terms of light 
quanta produced instead of ion pairs 
produced per unit time per unit volume. 
This possibility seems to be very worth- 
while considering for very soft X-ray 
dosage measurements. 

As the voltage range of the diagnostic 
unit used for calibration of the plastic 
pickup joined on to that of the beryl- 
lium-window tube, it seems very proba- 
ble, although not logically proved, that 
the pickup measures roentgen units per 
minute in the dosage field of the beryl- 
lium-window tube. This should be 
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Dependence on X-ray tube voltage of luminescence of polyvinyl carbazole per 
r/min 


regarded as a reasonable assumption 
which as yet cannot be tested absolutely. 


Output Measurement Apparatus 

The point-by-point arrangement used 
for making output measurements from 
the beryllium-window tube is dia- 
grammed on page 35. The template 
was used only for alignment purposes 
and was removed during actual meas- 
urement. For obtaining readings close 
to the window, the probe was slightly 
inclined so that it could be placed in the 
A test of the 
assembly with the luminescing plastic 


recess near the window. 


removed showed that there was negligi- 
ble background pickup, and that the 
lucite rod and surrounding material did 
not luminesce. 

The lucite rod was not aluminized, 
but was surrounded, except for the tip, 
by a concentric brass tube of a suffi- 
ciently larger diameter to leave a 
definite air space between the rod and 
tube. The presence of this air enabled 
ordinary internal total reflection to 
reflect the light along the rod to the 
photomultiplier tube 

The end of the rod was formed into a 
parabolic shape as described in reference 
8. The luminescent plastic was in- 
serted in a hole drilled to the neighbor- 
hood of the focus of the parabola. The 
tip was surrounded by thin black paper 
which had been previously tested for 
light opaqueness and negligible absorp- 








tion of soft X-irradiation. Measure- 


ments were made in a semidarkened 
room to avoid any leakage effects 
Output of the photomultiplier tube 
could be read directly on a sensitive, 
accurate microammeter, or it could be 
fed to a d-c amplifier with four amplifi- 
cation scales. 
brated 
ammeter. 


The amplifier was cali- 


against the accurate’ micro- 
The 


was frequently checked for roentgen 


completed apparatus 
rate calibration by comparing its read- 
ing against thimble chamber readings on 
the 85-kv portable machine. 


Experimental Results 
field 
this apparatus are shown in Fig. 1. 
The beryllium-window X-ray tube was 
operated at 50 kv and 30 ma. It could 
be operated at 50 kv and 50 ma; if so 


Dosage values obtained with 


operated, the r/min values shown should 
be multiplied by 1.67. 

Of interest is the maximum rate so 
The 
30 ma is 


maximum measured 

166,000 r/min; this 
little to the 
cathode side of the center of the window 
This is equivalent to 276,000 r/min at 50 
The value on the center line of 


obtained. 
rate at 
value 


was obtained a 


ma. 
the window is only very slightly less. 
It is 164,000 r/min at a point which is 
1.6 cm from the center of the focal spot. 
At 5.0 cm from the focal spot, the value 
is 28,000 r/min. 

If this latter value is extrapolated 
back to 1.6 em by the inverse square 
law, it would give an expected value of 
274,000 r/min which is 1.67 times the 
measured value. This shows that there 


is considerable deviation from the 
inverse square law near the window. 
Probably the 


values of Rogers and Braestrup for out- 


previously estimated 
put at constant potential operation are 
quite a bit too high. Between 5.0 em 
and 10.0 cm the inverse square law ts 
fairly well The 
measured values is about 3.9; theoreti- 


obeyed. ratio of 


cally it is 4 if air absorption is neglected. 
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One of the most striking features 
shown by Fig. 1) is the very larg: 
‘heel effect’? produced by absorption in 
the target of soft components of the 
radiation originating from a slight depth 
This effect has 
observed by Lewis and Mutscheller (4 
for tube operation between 6 and 14 kv 


in the target. been 


The inaccuracy of the measurements 
shown in Fig. 1b makes it impossible to 
determine the exact angle of the maxi- 
mum intensity, but it is obviously 
somewhere in the neighborhood of 15 
degrees towards the anode side. In 
contrast, the values in the plane at right 
angles are fairly symmetrical around the 
center line, as shown in Fig. la. 

It should be that relative 
intensities as determined by this method 


noted 


are fairly accurate, even though the 
basic assumption for the determination 
of absolute values might be a little in 
This great, 
however, as the relative values show 


error. error cannot be 
the unsuitability of using the inverse 
square law for extrapolation to short 
distances. A corrected extrapolated 
value of Rogers and Braestrup would 
give a constant potential output at 50 
kv, 50 ma of somewhat over a million 


roentgens per minute instead of some- 


what over two million roentgens per 
minute. The first figure would be in 
better agreement with the quarter 


million roentgens per minute observed 
with full-wave operation. These com- 


parisons are subject to further check. 
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A Proportional Counter X-Ray Spectrometer 


Useful for the energy range of 1 to 50 kev, this instrument pro- 


vides a simple method for measuring X-ray spectra. 


Graphs 


show the effects introduced by different counter materials 
and filling gases, and resolution and linearity are described. 


By W. Bernstein, H. G. Brewer, Jr.,* and W. Rubinson 


Brookhaven National Laboratory 
Upton, New York 


USE OF PROPORTIONAL COUNTERS for 
etermining low-energy beta and X-ray 
spectra has been described by several 
The method these 


identifving un- 


ithors ae ae 
counters provide for 
known X-rays is simpler than that pro- 
ided by 


ritical absorption measurements. 


Geiger-Miiller counters for 


The instrument described on the 


following pages was designed for 
X-rays in the 1-50 kev energy range.1 
Since the output pulse amplitude from 


. proportional counter and amplifier is 


given by 
Lae (Base 1.6 < 10-'9 
di 
c 
where A, = amplifier gain, A, = gas 


implification factor, C = capacitance 
in farads, F 
and fk; = 


gas in eV, 


= photon energy in ev, 
ionization potential of the 
the amplitude can be used 
as a measure of the photon energy. 
The X-rays lose all their energy in the 
ejection of one electron from one of the 
electron shells of the counter gas, and 
the ionization caused by this secondary 
This method is 
useful only for low-energy X-rays where 


particle is detected. 


the Compton scattering is negligible. 
The energy transferred to the second- 
ary electron is equal to the incident 
X-ray energy minus the binding energy 
* Deceased 
+ This work was done under the auspices of 


the U. S. Atomic Energy Commission. 
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of the shell from which the electron is 
ejected The effects of the particular 
shell from which the electron is ejected 
will be described later 
of different 


by sorting the output pulse amplitudes 


The spectra 
elements are determined 


with a pulse-height analyzer 


Conditions Affecting Counter Components 
Several conditions must be satisfied 
to maintain the linear dependence of 
the pulse amplitude upon the particle 
energy. 

The output pulse height must not 
vary with the location, within the sen- 
sitive volume of the counter, where the 
ionization is produced by the secondary 
This 


the use of spectroscopically pure gases 


particle. condition necessitates 


and sealed, clean counters. Introduc- 
ing even trace amounts of an electro- 
negative gas results in negative-ion 
formation 

The counter center wire must be large 
enough to reduce the probability of 
recombination in the low field region 
near the cathode 

The dimensions of the counter must 
be large compared to the maximum 
path length of the ionizing particle in 
the sensitive gas volume. If an appre- 
ciable fraction of the secondary elec- 
trons dissipates only a portion of their 
total energy within the counter, the 
spectrum is distorted because such elec- 
trons would be recorded as having lower 
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energy. Also, the low field region at 
either end of the counter must be kept 
at least one counter diameter away from 
the counting volume to prevent par- 
Thus, 


higher-energy events make a_ larger 


ticles from entering this region. 


counter necessary, and this require- 
ment limits the useful operating range. 

The gain of the amplifier must be 
independent of small changes in pulse 
shape. There is a spread in the rise 
time of proportional counter pulses of 
from approximately 0.3 to 0.8 psec 
depending on the location of the ioniz- 
ing event within the counter. A vari- 
able amplifier gain will again result in a 
distorted spectrum. Also, shifts in the 
amplifier baseline, usually caused by 
overloading of the amplifier, will have 
a similar effect. 
plification. factor is a rapidly varying 
function of the voltage, the high voltage 
must be held stable to ~0.01% of 
operating voltage for good of resolution. 

If these conditions are satisfied, the 
spread in the output pulse amplitude 
is dependent upon the statistical nature 
of the multiplication process. This 
variation is not large enough to im- 


Because the gas am- 


pair instrument resolution seriously. 

> The low-energy limit of the instru- 
ment is dependent upon the gain of 
the amplifier, the mput tube noise, and 
the amplification factor. 
portional region the amplification factor 


In the pro- 


is an exponential function of the high 


voltage, and it is not dependent upon 
the particle energy. At amplification 
factors greater than 108, the relation- 
ship is no longer exponential, and there 
is a differential amplification dependent 
upon particle energy. It is possible, 
therefore, to operate at amplification 
factors as high as 10’, but instrument 
stability is poor because of extreme sen- 
sitivity to variations in high voltage 
The counting of mixed sources in- 
problem of a_ broad 
The ampli- 


troduces the 
pulse-height distribution. 
fier should handle a pulse-height ratio 
of 1,000 to 1 without the introduction 
of long deadtimes or spurious counts 


Assembly 

The particular instrument described 
consists basically of a counter, pre- 
amplifier, amplifier, high-voltage sup- 
ply, pulse-height analyzer, two scalers, 
and registers. 

Figure 1 is an assembly drawing of 
one of the counters used in this work 

Brass tubing, 9 in. long, and 3 in. in 
diameter, is used for the counter. The 
center wire is 3-mil wolfram; it is 
supported at either end by the Kovar 
seals. The heavy leads are brought in 
a distance at least equal to the radius 
of the counter to prevent field distor- 
tion at the counter ends. The Kovar 
seals have guard rings to prevent high- 
voltage leakage from the center elec- 


trode to the cathode. A 30-mil beryl- 





30 mil beryllium window 
De Khotinsky cement 
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FIG. 1. Proportional counter 
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FIG. 2. Circuit diagram of the non-overloading amplifier 


lium window is mounted in the side of 
the counter to admit X-rays into the 
sensitive volume. Insulators are elim- 
inated from the counting region to 
prevent charge accumulation and the 
consequent distortion of the field. A 
glass counter with an aquadag cathode 
has also been used. In this case, a long 
leakage path is provided between the 
two electrodes, instead of guard rings; 
no spurious counts have been found. 
The counters are filled to atmospheric 
pressure with 90° neon, argon or 
krypton and 10% methane mixtures. 
The counter and preamplifier are 
mounted together in a metal box to 
provide electrostatic shielding and to 
remove need for a cable between them. 
The preamplifier is a Los Alamos 
Model 100 tvpe modified to use 408A 
tubes instead of 6AK5s. The low 
filament current drain of the 408As per- 
mits their operation from a regulated 
Also, a 100,000-ohm load 
resistor is used for the counter to pre- 


d-c supply 


vent pile-up of the pulses at high count- 
ing rates, and a consequent overloading 
of the preamplifier. The output stage 
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is a cathode follower. The measured 
gain of the preamplifier for simulated 
counter pulses is about 80. 


Circuits 


Figure 2 is a circuit diagram of the 
amplifier. The essential feature is that 
it can handle a pulse-height ratio of 
7,000 to 1 without overloading on large 
pulses. The input 6H6 diode is used 
to clip positive overshoots arising from 
the initial differentiation of the signal 
in the preamplifier. A 3 psec differ- 
entiating time constant is used ahead 
of the clipping diode to reduce the 
clipping time and permit operation at 
high counting rates. All other stages 
which can be overloaded, stages receiv- 
ing a large positive signal and drawing 
grid current, are direct coupled. 

Plate-to-plate feedback is used over 
three stages to provide some gain stabil- 
ity. However, it is insufficient to com- 
pensate for changes in line voltage if 
the amplifier filament supply is not 
regulated. It is necessary, therefore, 
to operate the instrument on a line- 
regulating transformer. Under these 
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conditions, the drift in gain is less than 
2% in ten hours. A stepwise gain 
control is located at the input, which 
varies the gain in steps of approximately 
two. Since precision resistors are not 
used, the gain in each position must be 
calibrated. The amplifier output stage 
is a cathode follower. The low-voltage 
supply is a 300-volt regulated d-c sup- 
ply and provides the filament voltage 
for the preamplifier. 

The measured gain of the pre- 
amplifier and amplifier is 45,000 at 
the zero attenuator setting for simu- 
lated Under these 
conditions, the input tube 
about 50 wyvolts. Since the 
amplifier has no anti-overload features, 


counter pulses. 
noise is 


pre- 


the operating gas amplification factor 
is limited by the point at which the 
preamplifier overloads. 
The high-voltage 
of 300-volt 
give the 


supply consists 
connected in 
series to voltage. 
Regulated high-voltage supplies are un- 
satisfactory because of excessive drift. 


batteries 
desired 


The counters may be operated with 
either a positive or negative high- 
supply. At voltages below 
2,500 volts, no difficulty has been 
encountered with the Centralab 100 
buf, 10 kv, ceramic blocking capacitors, 
and a positive supply is more con- 
venient in practice. The grounded 
cathode permits a much simpler shield- 


voltage 


ing arrangement, and provides a safer 
method for sample changing. At higher 
voltages, leakage across capacitor sur- 
faces necessitate the use of a 
negative supply in order to eliminate 
The high-voltage filter 
capacitors are 0.01 yf Glassmikes 
coated with ceresin wax to eliminate 
surface leakage. 

The pulse-height analyzer is of the 
single, sliding, channel type described 
by W. C. Elmore (4). The use of an 
analyzer of this type requires long- 
term stability of the counter, amplifier 
and high voltage, since average deter- 
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minations require about three hours. 
The instrument consists basically of 
two pulse-amplitude discriminators set 
at the desired channel width apart by 
a battery. The channel width can 
be varied from 11% to 7 volts in 114-volt 
The outputs of the two dis- 
connected in anti- 


steps. 
criminators are 
coincidence so that only a pulse falling 
counted. A total 
is also included 


in the channel is 


count discrimination 
for monitoring purposes or for the 
measurement of total activity. Both 
the channel and total count outputs are 
connected to external scalers and 
registers. In practice, a channel width 
of 1'4 volts is used to observe the 
detail of the spectrum. 

The counters are operated between 
1,500 and 2,100 volts, depending upon 
the counter filling. The amplification 
factor is about 10* although they have 
been operated as high as 105 At 
higher amplification factors the pre- 
amplifier is overloaded and the results 
are meaningless. Figure 3 is a plot of 
the pulse height versus the applied 
voltage for a 5.87 kev X-ray source, 
indicating that the amplification factor 
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FIG. 4. Spectra of Fe®® 


s an exponential function of the 
oltage in the operating range. 

Curve 1 in Fig. 4 isa plot of the X-ray 
spectrum of the Fe®> A-capture isotope, 
emitting 5.86 kev Mn X-rays, counted 
na brass counter filled with the argon- 
methane mixture. The width of the 
main peak at the half intensity point 
is 20%. Spectra wider than 25% 
for monochromatic sources are usually 
caused by air leaking into the counter. 
\ low-energy peak occurs at 2.7 kev, 
which is 3.1 kev below the main peak. 
Curve 2 in Fig. 4 is a plot of the spec- 
trum of the same source counted in a 
brass counter filled with the krypton- 
methane mixture. In this case, the 
2.7 kev peak is absent and only the 
5.86 kev peak is present. 

Figure 5 is a plot of the spectrum of 
the Ba'*® K-capture isotope, emitting 
Cs X-rays of 31 kev, determined in 
counters of different wall materials 
and filled with different gases. Curve 1 
is the spectrum counted in a _ brass 
counter filled with the krypton-methane 
mixture. The main peak occurs at 
31 kev, a larger peak at 17.4 kev, and 
smaller low-energy peaks at 4 kev and 
8 kev 
counted in a brass counter filled with 


Curve 2 is the spectrum 


the argon-methane mixture. The 31- 
kev, 8-kev and 4-kev peaks are again 
present, but the 17.4-kev peak is absent. 
Curve 3 is the spectrum counted in a 
glass counter with an aquadag cathode 
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and filled with the argon-methane 
mixture. Only the 3l-kev and 4-kev 
peaks are present. 

Thus, the spectra depend, in part, 
upon the counter wall material and 
fillings. The effects of the counter 
gas are shown in both Figs. 4 and 5 
If the incident X-ray ejects an electron 
from the A-shell of a gas atom, the 
energy of this electron is the difference 
between the incident X-ray energy 
and the binding energy of the A-shell. 
After ejection of the A-electron, the 
subsequent rearrangement of the extra 
nuclear electrons may result in either 
emission of a K X-ray or production of 
Auger electrons. If Auger electrons 
are produced, the counter detects the 
total ionization caused by the ejected 
K-electron and the Auger electrons. 
This results in an output pulse ampli- 
tude approximately equal to that 
produced by a simple photoelectric 
effect in one of the outer shells 

The A X-rays that escape from the 
atom are weakly absorbed in the gas 
(about 25% for argon) and the re- 
mainder escape from the sensitive 
region of the counter. In this event, 
only the ionization caused by the 
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FIG. 5. Spectra of Ba'* 
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FIG. 6. Spectra of Se’® through ab- 
sorbers 


ejected AK-electron is detected and the 
output pulse amplitude is decreased 
by the A-shell binding energy. This 
accounts for the low-energy peak in 
Curve 1 of Fig. 4, which is 3.1 kev, 
or the A-shell binding energy of argon, 
less than the main peak. This peak 
is absent in Curve 2 of Fig. 4 because 
the incident X-ray energy is not great 
enough to ionize the A-shell of krypton. 
In Curve 1 of Fig. 5, the energy differ- 
ence between the 17.4-kev peak and the 
31-kev peak corresponds to the K-shell 
binding energy of krypton. 

The peak is absent in both argon- 
filled counters, and the resolution of 
the instrument has not been great 
enough to detect the argon contribu- 
tion. It is, therefore, possible to 
caleulate the efficiency of Auger elec- 
tron production from the intensity 
ratios of the two peaks. The effi- 
ciency is much greater in argon than in 
krypton. 

The counter wall introduces spurious 
effects if the incident X-ray energy is 
sufficient to ionize the A shell of the 


a4 


wall material. The 8-kev peaks it 
Curves 1 and 2 of Fig. 5 are caused by 
fluorescent radiation from the coppe: 
in the wall. The 8 kev peak is absent 
in the glass counter, Curve 3 of Fig 
5, and the very-low-energy 
fluorescence has not been investigated 

The 4-kev peaks, Fig. 5, which ars 
present in all curves, are caused by the 
L X-rays from the source. The differ- 
ences in intensity are caused by the 
different thicknesses of windows used 
on the counters and the different 


carbor 


absorption coefficients of the gas. 
Figure 6 presents further information 
about the fluorescent radiation effect 
These are plots of the spectrum of the 
Se7> A-capture (10.5 key 
counted in an argon-methane-filled 
brass counter, through different ab- 
sorbers. Curve 1 is taken with no 
absorber, and the main peak occurs 
at 10.5 kev with a secondary peak as 
8 kev caused by the copper fluorescence 
Curve 2 is taken with a copper absorber, 
and the 10.5-kev peak is greatly 
depressed with respect to the 8 kev 
copper peak. Curve 3 is taken with 
an iron absorber, and the largest peak 
occurs at 6.32 kev. The fluorescence 
vield, although small, is easily detected, 
and must be considered in the inter- 


isotope 


pretation of unknown spectra. 


Figure 7 is a plot of the spectra of 
Mn, Fe, Ni, Cu, Zn and Zr targets 





Fluorescent X-ray: 
30 mil Be window-Brass tube 
anew A Ye om 

IU % & O% CHa 











9 50 
Pulse -Height 


Spectra of adjacent elements 


February, 1950 - NUCLEONICS 


FIG. 7. 
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FIG. 8. Linearity curve 


X-ray 
about 17 


tube emitting 
kev. The 


instrument is suffi- 


excited by an 
Mo X-rays of 
resolution of the 
cient to and 


emitted by 


permit the separation 
X-rays 
idjacent elements. If the 


identification of 
zine spec- 


trum is assumed correct, and the 
energy of the other X-rays is calculated 
from it, an error of —200 volts is found 
Mn. This 


error is due to the long-term instability 


in the identification of 
of the instrument and inaccuracy in 
drawing the curve. 

Figure 8 is a plot of the energy-vs- 
pulse amplitude for the same elements 
A straight line through 
that the 
relationship between pulse height and 


as in Fig. 7. 
the origin indicates linear 
energy 1s maintained in the operating 
The resolu- 
instrument is not great 
enough at present to distinguish be- 
tween the A-alpha and K-beta lines 
of an element. 


The 


range of the instrument. 
tion of the 


instrument is calibrated with 


known energy X-rays obtained either 
X-ray 


Calibration is made frequently, 


from A-capture sources or an 
tube 

usually before and after a run, to 
correct for the drift in the instrument. 


The 


all used gain settings to correct for the 


instrument is also calibrated on 
error in the gain control 

The spectrometer has been used in 
several types of experiments at Brook- 
haven National Laboratory, including 
the identification of unknown X-rays, 
X-rays emitted 
radioactive 


and in the detection of 
by self-ionization of a 
Further latter 


nucleus. work on the 


problem is in progress. 
. * > 


The authors are indebted to Dr. Martin 
Deutsch for his help in developing the equip- 
ment, to Dr. J. B. H. Kuper and W. A. 
Higinbotham for their encouragement and 
suggestions, and to E. J. Downs for his help 
in the construction of the instrument. The 
authors also wish to thank Dr. S. Katcoff 


for the use of his K-capture sources. 
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Desirable Improvements in Nucleonics Instruments (Continued from page 





points, it is the user or potential user 
who is in need of education. 

In conclusion, I would like to express 
the hope that some manufacturers will 
be moved to produce equipment in- 
corporating really high quality com- 
ponents and designed for really depend- 
able trouble-free service, and that they 
or others will also give some thought 
to the problems facing us in connection 
with the use of the newer types of 
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counters. The of better 
pulse amplifiers, better regulated high 
voltage height 
analyzers 
can be fairly put up to the electronics 


provision 
supplies and _ pulse 
these are all problems that 


engineer and manufacturer. 

Our other main outstanding problem 
in nuclear instrumentation (provision 
of much better neutron detectors than 
those now at hand) is probably one for 


the nuclear physicist, at this time. END 





Calculations for Maximum Permissible Exposure 


to Thermal Neutrons 


Increased availability of sources of thermal neutrons for re- 
search purposes has made such calculations as presented here 


necessary. 


Using latest recommended range for the value of 


rep, the author determines maximum permissible neutron flux. 


By WALTER S. SNYDER 


Health Physics Division, Oak Ridge National Laboratory 
Oak Ridge, Tennessee 


THE effect for 
maximum permissible exposure to ther- 


VALUES currently in 
mal neutrons, in terms of the thermal- 
neutron flux, are based largely upon the 
pioneer work of Mitchell (7). He takes 
the neutron distribution in the body as 
an exponential function of depth and 
makes this the basis for his calculation. 
Since Mitehell’s early work, it has been 
conjectured that the actual distribution 
attains a peak at some depth within the 
body of the order of a mean free path 
(2). Recent work of 
Capron, Faes, and Tavernier (3), not 


experimental 


vet available in detail, tends to confirm 
this conjecture. 
The 


devoted to 


discussion presented here is 


calculating the collision 
density of thermal neutrons as a func- 
tion of depth. 


these results for determining a permis- 


While the significance of 


sible flux is noted, this latter phase is 
along the lines of earlier work, and no 
critical discussion of the biological as- 
sumptions involved is undertaken. 

The body is taken as a homogeneous 
half-space x 2 0 with the composition 
and cross sections listed in the table on 
the next page. The case of amonoener- 
getic beam of thermal neutrons nor- 
mally incident at x = 0 with a flux of 1 
neutron/em?/sec is considered. It is 
assumed that the neutrons are scattered 
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isotropically in the laboratory system 
of coordinates, and that they neither 
gain nor lose energy by scattering. 

These assumptions neglect the dif- 
ferent chemical constitution of the 
various organs, but the effect of this 
different constitution on the distribu- 
tion should not be too large since the 
cross sections do not differ markedly 
and there is, in many cases, a relatively 
thick outer layer of tissue. 

The assumption of an isotropic dis- 
tribution of neutron velocities may be 
expected to become increasingly correct 
as the number of collisions increases, 
and the motion of the scattering nuclei 
probably contributes to this. 

The assumption of constant energy 
for the neutron throughout its history 
amounts to replacing its actual energy 
by its average energy. The effect of 
this assumption is difficult to estimate, 
but since the cross section of H is rather 
sensitive to small changes in energy, it 
may not be negligible. For example, 
a change in neutron energy from 0.025 
ev to 0.015 ev increases the cross section 
of H by 18%. 

Under the assumptions noted, the 
collision density of the neutrons is evi- 
dently a function of depth, say f(z). 
If we define f,(x) to be the collision 
density for neutrons undergoing n-th 
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ollisions, we then have 


hal = of 


; [ dy I dOf nly 
2/0 0 


tan 0 e~*! 


Os “ ’ 

— dy Ey (o\x — y\) fly) 
9 7X8 
2 JO 


We obtain the solution of Eq. 2 by a 
method which is simple in principle and 
deserves to be better known. Assum- 
ing a trial solution g(x), we form the 


iterate, 


0 bed a 
dy ky \oiz — 
2 Jo ' . 


Then if gi(x) 2 g(x) for all x 20 it 
that gi(x) S f(x): that 
is a lower bound for the solution 
f(x Similarly, if a trial function h(x) 
that A(x) = hy(x) 
for all zx =O, then hi(x) = f(x) for all 


(3) 


follows 1.€., 


g(r) 
can be found such 
x = 0, and we have an upper bound for 
the solution f. 

By a numerical 
exploration, we narrow the gap between 
g(x) 
accuracy required of the solution. A 


certain amount of 


h(x) and until we achieve the 


rigorous formulation and proof of this 


certain other remarks of mathematical 
interest are relegated to an appendix, 

In the present case, the best estimates 
obtained for g and h follow: 


14.8le7o-45 22 5 3° 2.952 (4) 


12,29¢-9-48022 — 5.14Qe-81682 (4a) 


The 
h(x) and g(x 


maximum difference between 
is not more than 1.2 and 


the function 


I u(r 


= 13.1Lle—°-45022 5.140e—5-*4 5) 


is close to the average of A(x) and g(x). 
Since R(x) cannot deviate from f(x) by 
of the 
maximum, and this seems sufficiently 
accurate, we take R(x) as the solution 
of Eq. 2. The that h(x) 
and g(x) have the properties required 


more than 5% in the vicinity 


verification 


to insure that they are upper and lower 
bounds for f requires a certain amount 
of rather tedious but elementary numer- 
ical work in locating the minima of 
h(x) —hi(x) and gi(x g(x). This 
analysis will not be given here. 
The 
boundary 


thus has a 
= 7.973 and a 
at xz = 0.3189 em of 

10.37. 


collision density 
value /(0 
value 
fax = f(0.3189) = 


the next page. 


maximum 


See graph on 


The number of ergs of energy ab- 
sorbed per cm’ due to the production of 
protons from the (n,p) reaction is then 


given by, 


rather intuitively obvious principle and P(x) = 7.334 X 10-'° f(z 





Composition and Thermal Neutron Cross Section 
of 
Principal Elements in Soft Body Tissue 


Total 


by weight 
Total cross section (em~!) 
Scattering cross section (cm-~') 


12.14 
0.0288 
0.0288 


4.02 73.64 
0.02052 0.1151 
0.01819 0.11508 


99.91 
2.952 
2.931 
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giving a maximum at x = 0.3189 em of 
Pmax = P(0.3189) = 7.605 < 10-* ergs 
per em, This calculation assumes the 
proton is absorbed at its place of origin 
and that its energy is 0.58 Mev (4). 

The energy absorption due to the 
gamma rays produced from H absorp- 
tion is more difficult to caleulate. The 
source density (photons per em?) is 
evidently given by 


G(x) = 6.098 « 10-3 f(x) (7) 


We assume these are distributed iso- 
tropically and have an energy of 2.185 






































Mev (8). 


is absorbed whenever it suffers a colli- 


If we assume a gamma ray 


sion, we obtain for the energy absorp- 
tion in ergs per emé4 
G(r) = 4.910 K 107 


f, dy f(y) E, (0.046\y — 2z\) (8 


The integration yields a curve with a 
maximum very nearly at x = 1 em 
Gimax = Gi(1) = 3.951 X 107%. The 
mass absorption coefficient has been 
taken as 0.046 per cm and the extension 
of the range of integration to © does not 
materially affect the result. It is likely 
that the value is too high since the 
energy probably spreads farther than 
our assumptions allow and this should 
reduce the maximum. 

Alternatively, if we assume that a 
scattered photon is not deflected, and 
loses no energy, then we get as value for 
the energy absorption 
G2(z) = 2.615 K 107° 


if dy f(y) EB, (0.0245\y — 2z\) (9 
0 





[10 x P(x)]x io® 





























Graph of neutron collision density and energy 


absorption as a function of depth of tissue 


f = neutron collision density (Eq. 5) 


G:,G2 = ergs per cm absorption from H 
gamma rays (Eqs. 8 and 9) 

P =ergs per cm absorption from (n,p) 
(Eq. 6) 


10 x P = (RBE) xX P 
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This calculation vields a maximum 
very nearly at z =1 em 
with Gomax = G2(1) = 2.540 XK 10% ergs 
This value is probably too 


ibsorpt ion 


per cm?” 
low since our assumptions seem to allow 
the energy to spread farther than seems 
likely 

In determining the maximum 


in the actual situation. 
per- 
missible exposure to thermal neutrons in 
terms of the thermal neutron flux, the 
following assumptions are made: 

1. The relative biological effective- 
RBE 
that result from the N'4(n,p)C'™ reac- 


is 10 for the recoil protons 


ness 


tion in tissue 
2. The RBE is | 
electrons that result from the H'(n,y)D? 


reaction in tissue. 


for the secondary 


3. The maximum permissible expo- 
sure to the body is 0.06 rem per 8-hour 
day for a 5-day week. The rem (roent- 
is that amount of 
that 


same relative biological damage as 1 r. 


gen-equivalent-man 


ionizing radiation produces the 
4. The rep (roentgen-equivalent- 


physical) as used here is that amount 


of ionizing radiation that is absorbed 
in tissue to the extent of 95 ergs per 
gram of tissue. (The rep was formerly 
defined as 83.8 ergs per gm of tissue. 


Representatives of the United States, 


Canada, and Great Britain at the 
Chalk River Conference on Radiation 
Protection meeting at Chalk River, 
Canada, September 29 and 30, 1949, 
decided to use a larger value for the rep. 
The exact value or name of this unit is 
not determined, but it will probably 
between 93 and 100 


ergs per gm of tissue 


have a value of 

Using Eq. 8 for the energy absorption 
due to gamma rays and 95 ergs per gm 
as the value of the rep, we get a maxi- 
mum permissible flux of \V, = 1,712 
If we use Eq. 9 in place of Eq. 8, we 
get a second estimate V». = 1,951, and 
conclude that the critical flux lies some- 
where between these limits 

1,712 < N < 1,951. 

For purpose of comparison, the values 
obtained if the rep is taken as 83.8 ergs 
per gm instead of 95 ergs per gm are 
1.510 < N < 1,781. 
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APPENDIX 


Theorem: If the kernel of Eq. 3 


b 
F(x) = G(z a [ dy K (x,y Fly 
a 


is such that 
K(z,y) 2 0, 


and 


aszxrysb 


b 
[ dy K(z,y) < p <1, 
Ja 


where p is a fixed number, then any function H(z) whose iterate H,(xr) = 


b 
G(r) + | dy K(x,.y) H(y) 


a 


satisfies the relation 


Hiz) s Hy(x 
x = b provides a lower bound 
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(upper 


[H(zr) = H,(x)] 
More 
49 


bound) of the solution F. 









precisely, under the conditions cited, we have 
H(z) s Hy(r) s F(x (H(z) = Hy(x 
Proof: Let J = supremum [//(x) — F(x)] and assume by contradiction tha 
M>0. Thenforany E > 0, we have H(x:) — F(x:) > M — E for some 2; in th: 
range. Then 


U-—E < H,(x,) = 


2 F(zx)} asz st. 


b b 
[ dy K(x,,y)[H(y -F(y)]) s M [ dy K(x,,y) <pM 
a Ja 


Thus VM < £/(1 — p), and this contradicts our assumption M >0. Hence 
M Ss Oand this implies W(x) isa lower bound. The fact that 1/;(z) is also a lower 
bound follows at once from the fact that the property H(z) < H,(x) is hereditary 
i.e., defining //.(r) as the iterate of 1/,(2), we have at once 


b 
[ dy K (x,y) H(y) = Hi. 


a 


b 
IT. r) =G(z) + / dy K(x,y) Hy(y) = G(x) + 
a 


c / Hence, /7,(2) is also a lower bound of the solution. 

: It should be pointed out that a lower bound does not always behave in this 
2 fashion, so that, in general, 

: H(x) s F(z) aszsb 

¢ 

> does not imply (xr) S H,(r). Nevertheless, there always exist lower and upper 


oy bounds of F which do satisfy the conditions imposed on H and which are arbi- 





~ trarily close to F. Thus, in principle, a solution to any required degree of accuracy 
. may be obtained by this method. The computational difficulties encountered 
~- depend upon the nature of the kernel. 

>! 
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r How to Compare Counters 


* The various characteristics of a counter are important. But the 
P comparison of sample and background measurements—made 
easy by the equations given here—should be emphasized. 


By ALEXANDER THOMAS 


a Physics and Electronics Research Division, Tracerlab, Inc. 
Boston, Massachusetts 


IN EVALUATING the characteristics of | obvious as it is, may be overlooked be- 


G-M counters, emphasis is too often 
placed on such desirable features as a 
long flat 
plateau, freedom from spurious pulses, 
The prime 


counting rate vs voltage 
and a short resolution time. 
requisite of a good counter, however, is 
that it 
rate for the radiation to be measured 


should have a high counting 


and a low background. This require- 


ment of sensitivity to the source, 
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cause the problems encountered in the 
counter discharge mechanism tend to 
veil its importance. 

To realize the highest net counting 
rate from the source, the outer walls of 
the counter should be transparent to 
the radiation and the inner walls or fill 
gas should be responsive to the radia- 
tion. The sample to be measured must 
be well placed so that the sensitive 
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counter volume intercepts the greatest 
possible number of rays. On the other 
hand, low backgrounds are favored by 
ising the smallest possible counter size, 
by surrounding the counter with a lead 
shield to absorb natural ‘y-radiation, 
ind by using anticoincidence counters 
ind circuits to subtract out effects of 
cosmic primaries. From the point of 
view of the counter design, the require- 
ments of low background and of high 
sensitivity to the source work in oppo- 
site directions; also a counter with high 
sensitivity 
background. For 
ment of weak samples, the separation 
back- 


a matter of time-consuming 


is also likely to have high 
accurate measure- 
of sample counting rate from 
ground is 
importance. 

It is not the purpose of this paper to 
liscuss the design of optimum counters 
ind circuits for various purposes and 
geometries, but rather to determine 
Irom tour simple counting-rate measure- 
ments which of any two counters being 
considered is the better. These meas- 
irements are the usual sample-and- 
background and background measure- 
ments, taken separately. The measure- 
taken 


from the 


ment must be with the desired 


radiation and same source 
under prescribed geometrical conditions. 
Except for sample activity, these condi- 
tions must be reproduced when the 
superior counter is placed in service. 
Suppose that of two counters con- 
sidered, counter 2 gives 65% of the net 
yielded by 


Suppose also that counter 


counting rate reference 
counter 1 
2 has only half the background counting 
rate of Which 
should be used in the application? As 
will be shown later, counter 1 is the 
better what the 


sample activity. In other words, the 


counter 1. counter 


counter no matter 
lower background of counter 2 is more 
offset by 
1 should therefore be selected 


than its lower sensitivity; 
counter 
for the application. 

In a later example, two experimental 
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counters will be described wherein the 


? 


counter 2 more 


This 


lower background counter would be the 


lower background of 
than offsets its lower sensitivity 


proper selection for all sample counting 
rates up to about 20 times the back- 
ground counting rate 

Consider that the most desirable ele- 
ment in the intercomparison of counters 
is the saving in counting time. Now, 
the time expended in taking the back- 
ground counting rate to good statistical 
accuracy is very considerable; however, 
the establishing of the background 
counting rate can be done on days or 
nights when the sealing equipment is 
not needed for anything else. With a 
good counter, the background rate will 
have no progressive changes and need 
be checked only at relatively infrequent 
back- 


ground counting-rate measurement with 


intervals. Further, the same 


its statistical deviation is used in deter- 
mining the net counting rate of a large 
time 


samples; hence the 


number of 
expended in the onerous job of deter- 


mining an accurate background must 
he divided among the number of radio- 
assays to which it is applied 

It is in the counting time consumed 
after the preparation of a specimen 
where a saving is most desirable. Then 
the results of the experiment must be 
known as soon as possible. The next 
step in the experiment may await the 
results of an intermediate sampling 
Hence, we have picked the sample-and- 
background counting time 7'7 as being 
the element of prime importance. 

Let Nr be the of counts 
totalized in the sample-and-background 
Ve represent the 


number 


measurement and 
number of counts totalized in the back- 
ground measurement. The correspond- 
ing statistical deviations are 4/N,p and 
\/Np respectively. In terms of total 
and background counting rates these are 
(Nr + \W/Nr)/Tr and (Neg + /Np)/ 
T's where Tr is the sample-and-back- 
ground counting time and 7’, is the 
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background counting time in the sepa- 
rate measurements of these rates. 

The mean net sample counting rate 
R, is the mean total rate less the mean 
background rate: 

R, = Rr — Re (1) 
For any set of measurements, the statis- 
tical deviation in this counting rate 
must be taken with due regard for the 
rules for subtraction of statistical quan- 
tities, which is given in Eq. 2 as the 
root-mean-square of the individual de- 
viations of the two statistical processes 
involved: 
R, + 6R, 
ant ae sy pi + N82) 

Ty T's, Tr? Tp? 
Note that 6 is the fractional deviation 
in R,, or, in other words, 6 is the desired 
accuracy of the net sample counting 
rate. The equations are written in 
terms of deviation and fractional devia- 
tion instead of probable error to avoid 
repeated use of the coefficient 0.6745. 
This merely means that there is a 
70-30 chance that any single measure- 
ment will be within 6 times the true 
mean net counting rate instead of the 
usual 50-50 chance associated with the 
concept of probable error. 
sR. =\ ms 4 x, a * 4 a 

T B T B 
_ «/ier* 4 R,? 
- S95 * Bs 


Equation 3 is the deviation in net sam- 


(3) 


ple counting rate which follows from 
Eqs. 1 and 2. Since Nr = RrT'r and 
Ne = RgT x, it can be written in any of 
the three ways shown. 

To simplify Eq. 3, either of two as- 
sumptions can be made. One is that 
the time allocated for the sample-and- 
background measurement is the same 
as the time allocated for the background 
measurement. The other assumption 
is that the number of counts totalized 
in each measurement is the same. The 
former results in variable statistical 
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accuracy in the background measure- 
ment depending on the sample-and- 
background measurement. The latter 
requires a long background counting 
time. The former is included as Case 1 
because it is a common assumption; the 
latter as Case 2 because the deviation 
associated with the background meas- 
urement is a constant. 

CASE1: Tr=Ts 

From second form of Eq. 3: 
-_ Rr+Re _ Rk. + 2Rz (4) 
°R,? ek, 

To intercompare counter 2 with refer- 
ence counter 1, the factor of merit 
for counter 2 over counter 1 is defined 
as the ratio of the counting time for 
counter 1 to the counting time for 
counter 2 for equal statistical accuracy. 


~ Tr _ (i + one) (#2) (5) 
‘ . Tr2 Re + 2Rz. Ra p 
High sample activity: Rk, > 2Rz 

M; = Res (6) 


Low sample activity: Ry > R, 
~s Ry» 2 Rey 
M, = GZ) ics (7) 
CASE2: Nr = Ne 


From third form of Eq. 3: 
_ Rr? +Rp? _ (KR. + Ra)? + Re? 


"t=" 3R2Rr ~ &RA(R, + Rp) 
VV Tn = | (Ry: + Rai)? + oe | 
. 7 Tre = (Ree + Rp2)? + Rp? 
Re + —q Ru 
Rs + Rai R,,? 
High sample activity: R, > Rs 
Ry» 
— = if 
M,; R. (9) 
Low sample activity: Ry > R, 
_— (Re\? Rei 
Mo, = R..) Re: (10 


The limits represented by high activ- 
ity where the background can be neg- 
lected, and low activity where the back- 
ground is large, yield the same factors 
of merit in both cases. Also, if the 
background counting rates happen to 
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Factor of merit of a counter as a function of net counting rate 


be in the same ratio as the sample 
counting rates for both counters (7.e., if 
backgrounds are directly proportional 
to sensitivity), the factor of merit be- 
comes a constant for all counting rates 
and equal to Ryo/ Rx. 

feturning to the first example, we 
10 to illus- 
trate why counter 2, which had 65% of 
the sensitivity but half of the back- 
inferior to counter 1. At 


may use Eqs. 6, 7, 9, and 


ground, is 
high counting rates it is obviously in- 
ferior, with a factor of merit of only 
0.65. 


of merit is (0.65)2/0.5 which is also less 


(At low counting rates the factor 


than one 

Generally, the factor of merit will be 
a variable depending on the sample 
counting rates and the backgrounds. 
However, the net sample activity may 
from a ingle 
measurement with each counter, so that 


be scaled up or down 
the factor of merit may be readily com- 
The fac- 
tor of merit is plotted in the accompany- 
of the net 


puted for all counting rates. 


ing graph as a function 


NUCLEONICS - February, 1950 


The solid 
curve is based on Eq. 8 and the dotted 
The dotted curve is 
less realistic in practice since the back- 


counting rate for counter 2. 
curve on Eq. 5. 


ground counting time is not usually 
varied. 

Counter 2 is an end-construction thin 
mica window counter of 16 mm diam- 
Counter 1 is an end-construction 
counter of 33 mm 


eter. 
thin 
diameter. A 
uniformly over a 10 mm diameter area 
and placed 1.5 mm from the window 
obtain the data. The 
taken with the 
counters enclosed in 2 in. of lead. Note 
that for net counting rates up to one 


mica window 


sample of Sr% spread 


was used to 


measurements were 


count per second, counter 2 is better 
than counter 1. For net counting 
rates of 0.01 per second, often encoun- 
tered in the medical tracer work, the 
factor of merit for counter 2 is almost 
3; that is to say, counter 2 records the 
net counting rate to the same statistical 
time that 
END 
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would be required for counter 1. 











Engineering Aspects of Nuclear Reactors — Ill 


With each pile usually custom built and with existing security 
regulations, it is difficult to do more than discuss the engi- 


neering design of reactors in a general fashion. 


Considered 


here are the construction, assembly, and operation of piles. 


By L. A. OHLINGER 


Northrop Aircraft, Inc., Northrop Field 
Hawthorne, California 


IN THE INTRODUCTION of coolants into 
the pile, a most significant factor is 
that the coolant must pass through the 
reflector and shield. Unless properly 
baffled or plugged, these openings can 
permit pile radiation to escape locally. 
If the cooling ducts serve only to pass 
the coolant through the shield, they 
can be arranged spirally or with several 
offsets as they pass through the shield 
so as to provide no direct path for the 
escape of pile radiation. If, on the 
other hand, the cooling ducts through 
the radiation shield kept 
straight for any reason, such as the 


must be 


introduction and removal of fuel units 
through these same openings, then the 
openings through the shield must be 
suitably plugged to reduce the local 
escape of radiation. 

Most piles should be arranged so that 
the nuclear fuel can be removed and 
replaced as needed. There is a mini- 
mum of fuel that must be employed to 
permit the pile to reach the critical 
point at which it will begin to sustain a 
chain reaction. This represents a min- 
imum inventory of fuel in any reactor, 
and this must be maintained through- 
out the lifetime of the pile. Only the 
fuel in excess of this amount can be 
“burned up” in the production of 
energy. Even this minimum inventory 
will change with time as the nuclear fuel 
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units become choked or poisoned with 
fission products that are neutron 
absorbers. 

In any pile, whether heterogeneous 
or homogeneous, arrangements must 
be made to provide for the differential 
thermal expansion that will inevitably 
occur, particularly in those piles oper- 
ating at elevated temperatures. If the 
differential thermal expansion and, in 
particular, the unequal differential 
thermal expansion is not properly cared 
for, it may interfere with the operation 
of mechanical devices such as safety 
or control rods, with the replacement of 
fuel units, and may even result in the 
structural failure of the unit. In this 
respect, homogeneous reactors of the 
solid type are more subject to this 
weakness than the heterogeneous-type 
reactors. 

It is impossible in almost any reactor 
to avoid the problem of differential 
thermal expansion, even with the most 
careful design, because of the controls 
and the cooling. In the most carefully 
designed pile in which the heat produc- 
tion is nearly uniform throughout the 
pile, the controls will cause local per- 
turbations while the coolant must in- 
evitably enter at a lower temperature 
than it emerges from the pile. These 
differences can never be completely 
compensated, and every design is a 
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FIG. 2. Flattening of neutron density curves 


compromise among the particular idio- 
syncrasies involved, 

The normal heat production in a pile 
varies approximately along a cosine 
curve in the three principal directions, 
making the heat release a maximum at 
the center and a minimum at the outer 
(Fig. 1). Since this complicates 
the engineering problems of heat re- 


face 
moval and thermal expansion, it is 
obtain a more uniform 
production of heat throughout the 
reactor. This achieved by pile 
‘‘flattening”’ flattening of the 
neutron density across any 
dimension in the pile (Fig. 2). For 
example, the addition of a reflector 
makes the maximum neutron density 
more nearly that of the average neutron 
density throughout the pile. 

Then, by varying the amount of 
fuel throughout the reactor, either by 
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necessary to 
is 

or a 

curve 


varying the spacing or the size of the fuel 
units, the neutron production through- 
out the pile can be made more nearly 
The effect can be 
achieved in the lengthwise position 
by varying the of the fuel 
units throughout the reactor. Another 
scheme to introduce absorbers or 
poisons at strategic points near where 


uniform. same 


length 
is 


the neutron density peaks to depress 
these peaks and make them more 
nearly the same as the average value. 

In some cases, the rate of cooling 
can be varied throughout the reactor, 
with more cooling near the center and 
less near the surface of the pile. Here, 
the heat production may vary, but the 
varying rate of heat pickup will cause a 
more nearly uniform temperature grad- 
ient throughout the reactor. 

Even with a neutron density more 
throughout the pile, 
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the difference in temperature between 
the inlet and outlet temperatures of 
the cooling streams is bound to cause a 
differential thermal expansion with 
undesirable thermal gradients. To re- 
lieve this situation, the coolant can be 
introduced at the center of the pile to 
flow outward toward either end. This 
is more complicated mechanically, but 
produces a more isothermal condition. 
Another scheme is to let the coolant 
enter the pile near the central or hottest 
section, flow through the reactor, and 
return through cooling channels in the 
outer section of the pile, emerging at the 
same face at which it entered (Fig. 3). 


Homogeneous Reactors 

The simplest piles to construct, in 
general, are the liquid homogeneous 
reactors in which the fuel and moder- 
ator are circulated outside of the pile 
for cooling. The active section of this 
type of pile is enclosed in a cylindrical 
or spherical pressure shell with suitable 
inlet and outlet connections and _ pro- 
visions for controlling the reactor either 
in the shell or in the reflector. This 
type of pile must have a _ separate 
reflector because of the intimate mix- 
ture of the fuel and the moderator. 
This reflector may be either liquid or 
solid if it is outside of the pressure shell 





around the active section of the pile 


If placed inside the pressure shell, i: 
must be solid. 

If the reflector is placed inside th: 
shell or if there is no reflector, the pres 
sure shell may be made of any materia 
desired and may be as heavy as need 
be to withstand any pressures with the 
control inside the shell. However, if a 
reflector is to be used outside of this 
pressure shell, the shell must be made 
of a material relatively transparent to 
neutrons so that the efficiency of the 
reflector will not be impaired by the 
absorption of too many neutrons in th 
pressure shell. The control may then 
be inside the shell or in the reflector. 

If stainless steel is used for the pres- 
sure shell, its thickness must be very 
small, while if aluminum or beryllium 
is used, the thickness may be greater, 
but the strength will be less. There- 
fore, this type of pile will be limited to 
low operating pressures and relatively 
small sizes, and usually will be restricted 
to pure research. These, of course, are 
but added reasons to those given earlier 
for restricting this type pile to research. 

Important in the design of a homo- 
geneous reactor is that the recirculating 
system for cooling the homogeneous 
mixture of fuel and moderator must be 
carefully proportioned so that there will 
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be no large volumes of such dimensions 
as to start a chain reaction outside of 
Accordingly, the heat 
tanks, make-up 
tanks, efc., must all be care- 


the regular pile. 
exchangers, storage 
solution 
fully sized and shaped to avoid this 
hazard. 

This type of pile is relatively easy to 
assemble because all parts of it, includ- 
ing the reflector, can be completely built 
before the fuel is inserted into the pile. 
However, after the pressure shell, re- 
flector, shields, and controls have been 
assembled, the insertion of the fuel and 
moderator mixture must be very care- 
fully controlled to make sure that the 
controls provided are adequate for the 
The 


mixture cannot be immediately circu- 


safe operation of the reactor. 
lated through the pile with impunity, 
but must be introduced slowly until the 
pile has reached criticality and it has 
been determined that the rods or other 
adequate. It 
necessary to change the concentration 


controls are may be 
of the fuel in the mixture before pro- 
ceeding with the circulation and con- 
tinuous operation of the pile. 

If the large inventory of nuclear fuel 
required by the above arrangement is 
objectionable, it is possible to construct 
a homogeneous reactor with a chamber 
in which the fuel and moderator mix- 
static the 
released in the pile is carried away by a 
This coolant would 


ture remain while energy 
separate coolant. 
have to flow through separate channels, 
piercing the reactor shell much like the 
heat exchanger. How- 
ever, achieving and maintaining liquid- 


conventional 


tight joints at the seal between these 
cooling channels and the pressure shell 
would constitute an important mechan- 
ical problem because these joints would 
be unapproachable and impossible to 
service. The mechanical construction 
of this type of reactor would thus be 
complex, although the final 
start-up would be the same. Every- 
thing would be completely assembled 
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more 


except for the homogeneous mixture of 
fuel and moderator, and this would be 
slowly inserted until the pile reached 
criticality and the adequacy of controls 
had been checked. 

In both of the above types of reactors, 
it would be advantageous and probably 
even desirable to have means available 
for the quick dumping of a large portion 
or all of the homogeneous mixture in the 
reactor in cases of emergency. 
employing 
more difficult to 
those described 


Homogeneous reactors 
solid moderators are 
assemble than above 
The easiest method of construction is 
to employ the homogeneous mixture of 
fuel and moderator in powdered form 
so that it may readily be inserted or 
removed from the pile. However, in 
this form, it is difficult to achieve a very 
high density of the mixture, causing the 
pile to become unnecessarily large. On 
the other hand, if the mixture is made 
in solid form, it must be made in numer- 
ous small sections and not in one single 
section the full size of the pile because 
an uncontrolled chain reaction would 
begin in the single section before it 
ever Was inserted into the pile structure. 
The small sections (which may be in 
the form of blocks or large disks) must 
be assembled with the greatest of cau- 
tion in small units so as to avoid dis- 
astrous results. To assemble the re- 
actor in this fashion, it is necessary to 
leave at least a portion of the adjoining 
components incomplete until after the 
All in 


all, this type is probably the most un- 


active core has been completed. 
pleasant to construct and assemble. 


Heterogeneous Piles 

In general, heterogeneous piles have 
one advantage. The fuel units may be 
as small or as large as is desired but the 
pile may be so designed that the entire 
structure built without the 
insertion of any of the nuclear fuel. 
Accordingly, the moderator and re- 
flector, controls and cooling systems, 
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can all be put in place before any of the 
nuclear fuel is ever introduced. The 
pile might even be tested by electrical 
heating to simulate pile-produced heat. 
Fuel can then be inserted in such a way 
that the pile behavior as it approaches 
and reaches criticality can be observed 
and adjusted as minutely as necessary. 

There are innumerable combinations 
and designs of heterogeneous reactors, 
depending upon the size, shape, and 
kind of nuclear fuel and moderator, and 
upon the type of cooling employed. 
In general, the fuel can be most simply 
fabricated and utilized in the form of 
rods or tubes with a coolant floating 
around or through the fuel unit (Fig. 4). 

If the moderator is a liquid, it can 
readily be circulated as the coolant, or a 
separate coolant may flow through the 
moderator in enclosed cooling channels. 
If the moderator is a solid, the heat in 
the moderator can be carried away by 
separate cooling channels or by the 
same coolant that carries away the heat 
from the fuel units, either directly or 
indirectly. Note that in those arrange- 
ments in which the moderator is not 
cooled by direct transfer to the coolant, 
the moderator runs hotter than in the 
other cases in which its heat is carried 
away directly. This introduces prob- 
lems of thermal expansion and thermal 
gradients. 


General Construction Details 

The various shapes and forms of the 
nuclear fuel have already been discussed 
(NU, Dee. ’49, p. 45). Probably the 
most common forms in which the fuels 
are used are as the metal (because it 
can be worked and machined) and as 
the oxide or carbide (because it is 
refractory and more suitable at elevated 
temperatures). 

As the metal, the fuel units can be 
almost any size, but the remote control 
required for the handling and reprocess- 
ing of the fuel after irradiation in a pile 
makes small units desirable. On the 





other hand, the metallic oxides and 
carbides cannot be fabricated into very 
complicated or very large units, so that 
fuel units of these materials must of 
necessity be relatively small in. size 
and simple in shape. 

The coatings for the fuel units have 
also been discussed earlier (NU, Dec. 
49, p. 46). For metallic fuels, the 
coatings are generally of aluminum or 
beryllium or one of their alloys; in 
rare cases, very thin jackets of stainless 
steel can be employed. High level 
intermediate or fast piles can use other 
materials for sheaths, such as wolfram, 
tantalum, columbium, etc. The small 
fuel units can be independently jack- 
eted in sealed, liquid- and gas-tight 
coatings properly bonded or drawn 
down onto the fuel unit and welded 
shut; or two or more units can be 
jacketed in a single coating to eliminate 
some of the coating material at the ends 
of the units. This makes handling a 
little more difficult, but saves on fuel. 

Refractory fuel units usually need no 
jackets for corrosion protection but 
still need some coating to prevent the 
escape of fission recoils. These fuel 
units are hard to coat, even with a 
refractory glaze. Reactors using re- 
fractory-type fuels usually have a 
binary cooling system, as will be de- 
scribed later. Metallic coatings are 
difficult to bond for good heat transfer, 
are usually less refractory, and rarely 
have the same coefficient of thermal 
expansion as the refractory. Hence, 
they are not good coatings for refractory 
fuels. 

Solid moderators can rarely be fabri- 
cated into single units of full pile size. 
They must almost always be made in 
small units that can be assembled and 
stacked to form the pile. Such piles 
will thus contain many small units, and 
there is a mechanical problem of 
keeping these properly aligned despite 
the differential thermal expansion 
This requires some keying or inter- 
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locking of units throughout the pile, 
particularly near its surface. 

The controls are rarely of the types 
in which part of the reflector, modera- 
tor, or fuel is moved or in which the 
is split so that part of the pile 
because these mechanisms are 


pile 
moves, 
usually more complicated, more pon- 
derous, too slow in operation because 
of the size and inertia, and less certain 
in emergency. methods all 
increase the pile power level by insertion 
of the controlling element and must all 
be arranged so that the controlling 
section falls by gravity or is forced by 
a mechanism out of the pile in an 


These 


emergency, including the failure of the 
control operating power itself. 

Absorbing controls introduced into 
the pile or reflector are the simpler and 
more common means of controlling a 
pile. These may be rods, tubes, balls, 
or a liquid; in rare cases, a gas might 
be used for small changes in operating 
level. All controls, 
especially the 
arranged so that they always fall into 
and not out of the pile in emergencies. 
This can be accomplished by gravity 
operation in stationary piles and by 
mechanical operators in mobile reactors, 
but must be fixed so that any emergency 
including a shut-off of the normal 
control operating power will drive all 
controls into the pile. 

Because these controls pierce part 
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absorbing 
should be 


SC lid 
safeties, 


Typical heterogeneous cooling arrangements 


of the pile, the seflector, and usually 


the radiation shield, they offer an 
opportunity for local pile radiation to 
leak out they 
fit their holes through the shield rather 
closely. On the other hand, a close 
fit in their undesirable 


mechanically, because any slight warp- 


around them unless 


channels is 


ing of the control rod or accidental 


introduction of a small quantity of 
foreign material might cause the rod 
to stick and prevent its insertion into 
the pile in an emergency. In addition, 
a close fit means that the sudden inser- 
tion of the control may also be pre- 
vented by the compressed column of 
gas in the control channel. Before 
this gas can escape and let the control 
rod in, it may be too late. 

Therefore, a loose fit for all controls 
is desirable and properly 
baffled against the escape of radiation. 
Likewise, the thimble or control channel 
pocket must be flooded with a nuclearly 
inert gas so that the sudden insertion 
of a control will not drive out a stream 


must be 


of radioactive gas into the operating 
area. 
Most absorbing controls are solid 
but occasionally an absorbing liquid 
might be used. This should not 
merely be a solution of an absorbing 
salt in a liquid, but rather a liquid 
itself that is absorbing, because some 
of the soluble salt might deposit on the 
walls of the control channel and leave 
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enough absorber permanently in the 
pile to prevent its further operation. 
Gases can be used as controls by 
varying the pressure on an absorbing 
gas in the pile. However, this method 
is usually applicable only to small 
incremental changes in power level and 
thus only to fine or regulating controls 


The Shield 

Most of the shielding materials and 
arrangements have already been dis- 
cussed (NU, Oct. ’49, p. 4; Jan. 750, 
p. 10) but a few other construction 
details will be mentioned. 

Radiation shields depend on the 
location and purpose of the reactor. 
For example, a pile might be located 
under water in a lake or the ocean 
because the surrounding water serves 
not only as a super safety control but 
as a radiation shield. 

Liquid shields must be arranged with 
one or two plenum chambers between 
the pile proper and the shield so that 
leaks in the liquid shield tank will be 
drained away through these plenums 
and will not contaminate the pile with 
neutron-absorbing materials. Liquid 
shields that can become radioactive 
(like O'* formed in water) should have 
partitions dividing the liquid near the 
pile from the liquid near the outer face 
of the shield. This not only prevents 
radioactive isotopes in the liquid from 
circulating out near the outer surface 
of the shield but permits circulating the 
inner layer of the shielding liquid more 
rapidly than the outer layer so as to 
carry away more heat and gases of 
decomposition. 

Solid composite shields should have 
the boron component concentrated 
nearer the inner part of the shield to 
reduce the secondary gamma _ produc- 
tion, and there should always be a 
final layer of gamma shielding at the 
outer surface to stop the last secondary 
gammas created inside the shield. 

While the above construction gen- 
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eralities and details may seem to be 
more generalities than details in en- 
gineering design, this is dictated not 
only by the security regulations on th 
details of pile design, but also by the 
large number of design combinations 
possible, even with the limited number 
of materials available for each of the 
pile components. Every pile will be a 
custom-built job designed to meet the 
particular specifications and operating 
conditions involved in a_ specific ap- 
plication. Some piles’ will require 
special research facilities, even though 
the reactors are intended for power 
production, and these will dictate the 
design of shields and other com- 
ponents. Instead of replacing the fuel 
units in small mobile power plants, 
it may be found to be more practical 
to build the fuel units into the reactor 
and remove the entire reactor in toto 
for processing, replacing it with an 
entire new reactor. The handling of 
the fuel units after removal from a 
reactor may be performed completely 
under water or may be in solid coffins 
according to the exigencies of the 
operating conditions. There are so 
many possible combinations and varia- 
tions that no article could hope to 
cover all of these or even a small part 
of them. However, it is hoped that 
this will at least give the reader an 
idea of some of the engineering features. 


Operation of a Pile 

In addition to the paradox whereby 
the power output capacity of a pile 
does not depend on the size of the 
reactor as determined by nuclear 
considerations, there are a few. other 
seemingly paradoxical characteristics 
that differ markedly from the con- 
ventional power producers with which 
most engineers are familiar. 

For example, when increasing the 
power output of a conventional power 
source, the engineer or operator pulls 
out the throttle to feed more fuel to the 
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ombustion or heat producing com- 
When the power output is 
o be reduced, the throttle is inserted 


ponent 


irther to cut down the fuel supply. 
In a nuclear reactor this is not the case, 
vecause all the the reactor 
All that the con- 
trol does is maintain the existing level 


fuel is in 
rom the beginning. 
f power regardless of what 
that 
ontrol or throttle from a pile does not 
establish 


output 


level may be. Withdrawing the 
a new power level but only 
establishes the rate at which the power 
evel If the control were with- 


rises 
drawn to any point and just left at 
that point, the power output would not 
stop at some higher level, but would 


ontinue to rise at an ever-increasing 
rr exponential rate until the pile were 
lestroved as a chain-reacting unit. 
Hence, the control must be withdrawn 
mnly the amount necessary to establish 
the rate of increase of the pile operating 
evel and must then be replaced to its 
riginal position as soon as the desired 
power level has been reached. 

throttle 


be inserted to establish the rate 


Similarly, the control or 
iust 
if decrease in the power level, but must 
gain be withdrawn to its original 
position when the desired power level 
has been obtained. As time goes on, 
the nuclear fuel will be depleted and 
the pile will be poisoned by the ‘‘ash’ 
f the fuel (the 


lherefore, over a long period of time, 


fission fragments). 
this zero setting for the control will 
hange, and the control will gradually 
be withdrawn from the pile until a 
point is reached at which the pile is 
ist critical with the controls entirely 
Beyond this point, the pile 
vill cease to function as a chain reactor 


emoved. 


ind power producer, and will require 
some purification and/or replacement 
f the fuel. 

There are other factors that influence 
this zero position of the control mecha- 
ism over shorter periods of time, but 
can be 


these compensated for either 
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manually by the operators or auto- 
matically by suitable control equipment 
For example, temperature changes 
cause corresponding changes in the 
physical density of the pile materials, 
affect the reactivity 


and hence the control 


and these pile 
A second 


operation, is the residual activity that 


paradoxical problem = in 


pile after it is 
When 
tional power producers are stopped, 


remains in a com- 


pletely shut down. conven- 
they dissipate any residual energy in 


a very brief interval of time so that 
the unit usually can be completely shut 
down at a moment's notice. In a 
nuclear reactor, shutting it down only 
stops the nuclear chain reaction, but 
does not prevent the continued release 
of energy from the residual radioactivity 
within the pile. Depending upon the 
operating history of a particular pile 
(that is, the power level at which it 
was operated and the length of time it 
that this 
residual activity may release a quan- 
tity of 
percent of the 


operated at power level), 


energy amounting to several 


normal output of the 
pile Inmany cases, this will be enough 
to cause serious physical changes in 
the reactor unless the heat generated is 
dissipated. Therefore, it may be neces- 


sary, in many cases, to continue the 
cooling operation of a pile after shut- 
down for a period of time and at a 
that depends 
operating history. 


The normal controls of a pile may be 


rate upon the past 


either manually or automatically op- 
erated, but the safety controls must be 
fully automatic because human hands 
and brain rapidly 


could not react 


enough to prevent what could be a 


catastrophe. These controls may be 
actuated by temperature limits, nuclear 
considerations, coolant failures, power 
failures, or any other event that would 
introduce a serious hazard if unchecked. 

In the actual operation of a pile, the 
can be useful for 


pile atmosphere 





is 


3 





detecting coating failures within the 


pile and rectifying the effects of certain 
tvpes of accidents. Since the function 
of the jacketing or coating on nuclear 
fuel units is to protect the material 
against corrosion and prevent the 
escape of radioactive fission products, 
any failure in a coating, no matter 
how insignificant, would defeat the 
purpose of the jacketing and become 
an aggravating offense. By circulating 
the pile atmosphere and monitoring it 
continuously, it would be possible to 
detect escaping radiation from the 
failure of a jacket anywhere in the 
reactor and to identify the approximate 
location of the offending jacket. 

In piles containing an absorbing 
material such as ordinary water con- 
fined to tolerable quantities by channels 
through the reactor, a failure of the 
cooling channel would permit large 
quantities of the absorbing material to 
permeate the entire pile and affect the 
chain reaction adversely. By circulat- 
ing and drying the pile atmosphere, 
the effects of such accidents can be 
rectified, within limits. 

There is one other major operating 
problem to be considered here. Even- 
tually, almost any pile ever built will 
have to have its fuel replaced, depending 
on its operating cycle and life. 


Operating Life 

As has been indicated previously, 
there is a minimum amount of nuclear 
fuel that will sustain a chain reaction 
in a specific pile, but there is also a 
maximum amount of nuclear fuel for 
this same pile, beyond which it is 
impossible to control the reactor by 
any practical means. For the success- 
ful safe control of a chain reactor, only 
a relatively small amount of nuclear 
fuel can be built into a pile in excess of 
the minimum inventory required to 
maintain a condition of criticality. 
This arises from the fact that control 
of a pile is achieved only by virtue of 
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the delayed neutrons from the rad 
active decay of the fission fragmen 
These constitute a very small perce 
of total fission neutrons produced. 

The difference between the minimu 
fuel inventory and the total amount 
fuel in the pile represents the usa} 
amount of fuel. Accordingly, a pil: 
normally can only be operated unt 
this small amount of excess fuel 
burned up, after which the fuel has to 
be replenished. The rate at which thi. 
quantity is consumed by the chai 
reaction determines the life of th: 
operating cycle or the length of tiny 
the pile may operate before replace- 
ment of the fuel is required. 

In a low power level reactor, this 
time might be years, but in a pile 
operating at a high power level, the 
rate of consumption may be so high 
that fuel replacement would be _ re- 
quired much too frequently for practical 
operation. Since the fuel can usually 
be replaced only when the pile is shut 
down and not during its operation as a 
power producer, such a pile would be 
shut down more than it was operating 
and, hence, would be totally imprac- 
tical. To circumvent this difficulty, 
additional fuel might be built into the 
pile, over and above the allowable 
maximum for safe normal control. 
Here additional absorbing material 
would have to be built into the pile 
in such a way that this absorbing mate- 
rial would just nullify or compensate 
for the additional nuclear fuel without 
affecting the normal control, and in 
such a way that the absorber could be 
removed as desired. 

With such an arrangement, when the 
controllable excess of nuclear fuel had 
been consumed to the point that fuel 
replacement would normally be _re- 
quired, the compensating absorber 
could be removed from the pile just 
enough to allow a controllable amount 
of the excess nuclear fuel to become 
effective. Thereafter, the pile could 


February, 1950 - NUCLEONICS 





re 
by 
ul 
re 
en 
ra 
sil 
re! 
tre 


wa 


pe 
a | 
lea 
act 
the 
hat 
the 
ple 
son 
cor 


NU 





be operated again for one operating 


evele until this new controllable excess 
had been consumed and the 
repeated ad infinitum until all the com- 


process 
pensated extra fuel had been consumed. 


Replacing, Reprocessing the Fuel 


fuel units are 
practically harmless so that 
they may be handled with impunity. 
However, their insertion into the pile 
shield and 
Therefore, 


The 


generally 


replacement 


means penetrating the 
reflector with these units. 
even though the pile has been shut 
down, the residual radioactivity pre- 
sents sufficient hazard to require special 
shielding and handling precautions in 
the placement of the new fuel units. 
The partially depleted and poisoned 
fuel that removed for 
reprocessing are so intensely radioactive 
that only 
shielding precautions in removing them 
from the pile but particular precautions 


units must be 


they require not special 


even during the subsequent handling 


and In some cases, their 
removal from the pile might be effected 


by their displacement with the new fuel 


processing. 


inits. They might be pushed out or 
released to fall out, depending on the 
engineering design of the pile, or, in 
rare cases, might even be dissolved in 
situ and pumped out in solution. Once 
released from the pile, they must be 
transported in shielded containers and 
stored in shielded vessels or in deep 
water pits 

By storing the irradiated units for a 
period of time after their removal from 
1 pile and before their reprocessing, at 
least some of the shorter lived residual 
ictivity will be allowed to die out and 
the total shielding required for the 
handling and reprocessing equipment 
thereby reduced. 

The nuclear fuel unit is never com- 
pletely transmuted but always contains 
some unfissioned fuel. This usually 
‘onstitutes a relatively large part of 
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fuel; thus it is 
be reclaimed for 


the irradiated nuclear 


obvious that it must 
subsequent use. This reclamation and 
the subsequent reworking of the re- 
claimed material back into usable fuel 
units thus constitutes a major objec- 
tive in the reprocessing, because even a 
slight loss in the efficiency of recovery 
means an appreciable loss of an impor- 
tant and critical material 

Since many nuclear fuels are carried 
in diluents that must pass through the 
reprocessing with the fuel, the re- 
processing is complicated by the pres- 
ence of a large proportion of extraneous 
If the diluent is also a fertile 
material, then this must not only be 


material. 


separated from the other products, but 
the new artificial nuclear fuel created 
in the fertile diluent must be removed 
also and separated from the diluent. 
There are also all the poisonous fission 
products to be removed from the fuel 
These may be in any phase, but gen- 
erally are either gaseous or solid. The 
products 
dilution with 


gaseous radioactive fission 
must be dissipated by 
large quantities of an inert gas and sub- 
stack at 
heights sufficient to obviate any radio- 
The solid 


radioactive fission fragments may have 


sequently released from a 


active hazard in the vicinity. 


some value that warrants reclamation 
but are usually in such small quantities 
that tracer techniques are required for 
their separation. Most of these prob- 
ably have more nuisance value than 
utility and have to be buried in some 
safe area to prevent radiation hazards. 

The reprocessing of many fuels is 
complicated by the presence of protec- 
tive jackets or sheaths that must be 
dissolved or removed the fuel 
unit can be separated into its compon- 


before 
ents. The reprocessing of fuels from 
homogeneous piles will be still more 
complicated by the presence of tre- 
mendous amounts of moderating mate- 
rial that must be separated from the 
other components. END 
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Staff report on: 





Conference on Industrial and Safety Problems 





NYU, AEC sponsored meeting attracts full house to hear lectures and dis- 
cussions of immediate significance in the growth of the atomic energy 
field. Three-day conference held successful and a prelude to others. 


THE ATOMIC INDUSTRY may be con- 
sidered truly ‘‘of age’’ when its con- 
ventions and conferences match those 
of other American industries. Per- 
haps the nearest approach up to date 
was the meeting held January 10-12 
in the General Electric Auditorium, 
New York, under the dual sponsorship 
of New York University and the AEC. 

There were nearly one hundred 
registrants, aside from speakers, from 
the United States and Canada. The 
(relatively) high tuition fee ($50) for 
the meeting served to maintain both 
the quality of papers delivered and the 
audience attending formal sessions. 
Representatives from insurance com- 
panies and from the AEC and _ its 
contractors formed a majority present, 
but universities, construction and manu- 
facturing companies and public health 
departments were also well covered. 

On the first day the introductory 
remarks of John E. Vance, Myron A. 
Coler and Paul A. MeGhee, all of 
NYU, were followed by an excellent 
survey of the present status of the 
AEC in non-military developments by 
Wilbur E. Kelley, Manager, New York 
Operations Office, AEC. Once again 
a ranking official of the Commission 
publicly stated the AEC’s desire that 
American industry take an increasing 
role in affairs of the atom. The 
morning session closed with Serge 
A. Korff, NYU, “bringing up to a 
common starting point’’ the obviously 
diverse knowledge of registrants about 
fundamental particles and rays. 

In the afternoon, Warren E. Winsche 
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and G. K. Green of Brookhaven Na- 
tional Laboratory described the hazards 
and difficulties arising in the production 
and use of radioisotopes and fission 
products, especially as they concern 
plant workers. With his usual great 
clarity, G. Failla, College of Physicians 
and Surgeons, Columbia University, 
impressed on his audience the facts 
of biological variation and its im- 
portance in any evaluation of radiation 
effects. Stress was also put on the 
fact that injury may become evident 
only years after exposure; changes in 
blood count and especially in the skin’s 
appearance are useful (with careful, 
informed interpretation) in diagnosis. 

Much of the second day was devoted 
to radioisotopes. Paul C. Aebersold, 
Chief, Isotopes Division, AEC, re- 
viewed his division’s program with 
vigor. Over 10,000 different ship- 
ments of isotopes have been made to 
qualified persons and institutions, but 
the widespread utilization of radio- 
active and concentrated stable isotopes 
is still in its infancy. Charles Rosen- 
blum, Head, Radioactivity Laboratory, 
Merck & Co., Inc., gave an excellent 
paper on the use of radioisotopes in 
industry. Forrest Western, Associate 
Director, Health Physics Division, 
Oak Ridge National Laboratory, re- 
viewed general health problems and 
safety procedures. 

In the afternoon of the second day, 
Thomas Lanahan, 8. Blickman, Inc., 
V. Lawrence Parsegian, Kellex Corp., 
S. E. Eaton, Arthur D. Little, Inc., 
and F. C. Henriques, Jr., Tracer- 
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ib, Inc., speaking more nearly the 
inguage of industry, discussed prob- 
the 


yperation of a radiochemical laboratory 


ems involved in design and 
that are 
The 
that 
were not 


ind described experiments 


rr may be performed. why, 


how, and when questions arise 


when choosing procedures 
overlooked. 
(‘Commissioner AEC, 
spoke at the dinner session on Wednes- 
day at the New York 
Club, Washington 
He stressed the fact that new horizons 
the 
iuctive squirrel cage’? of AEC Washing- 
ton. He doubted the necessity for 
indefinite continuation of the U. 8. 
monopoly (internal to the U. 8.) in the 
field; but indicated that the 
turning over of isotopes to industry 
‘lock, stock, and barrel’’ was something 


Gordon Dean, 
University 
Faculty Square. 


ippeared frequently in **radio- 


isotope 


for the far rather than near horizon. 
Bernard S. Wolf, Chief Radiologist, 
Mt. Sinai Hospital, spoke on Thursday 
the 
control 


morning making excellent point 


that 
relatively 


medical programs are 
simple but, unfortunately, 
medical evidence of radiation damage 
to any specific individual is not an 
early sign of exposure above acceptable 
levels. Such so-called overexposures 
can be detected and prevented only by 
with 
Abel 


Gorman, 


personnel and area monitoring 
designed instruments. 
Arthur E. 


Sanitary 


suitably 
Wolman 


Consultant 


and 
and Engineer, 
AEC, respectively, divided the subject 
‘*Waste the Atomic 
Energy long 
The morning session 


Materials in 
Program” in a and 
excellent paper. 
ended with the remarks of J. Dewey 
Dorsett, 


Surety 


(Association of Casualty and 
Companies. One of his strong 
pleas was for a complete armament of 
accurate knowledge (emphasis supplied), 
if the casualty insurance industry and 
every other industry is to face fear- 
lessly and with utmost confidence the 
atomic era which we are now entering. 
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Panel based 


on previously handed-in written ques- 


discussions primarily 
tions from registrants closed the three- 


day conference Thursday afternoon 
Technological problems were discussed 
by Aebersold, Merril 
Manov, Ak 


under the chairmanship of 


Kisenbud, and 


George ©, and Lanahan, 
Parsegian 
The panel on the Impact of atomic 
insurance and safety con- 
sisted of Dan Haves and 
Kehoe, AEC, Reuel ¢ 
Charles The 


Insurance 


energy on 
kdward 
and Stratton 
Williams, 
Mutual 

panies, respectively, under the chair- 
The 
centered on “how to 


by William 
Mavers, General 


and Travelers 


and Liberty Com- 


Rothmann 


manship of S. © 
final 
do business with the AEC,” 
Maher, AEC, H. R 
Electrie Company, and Nathan Wood- 


discussion 


ruff, AEC, under the chairmanship of 
Robert Colborn, Business Week 

The outstanding fact of the entire 
conference seems to be that a significant 
number of companies were sufficiently 
impressed by what they expected to 
have their representatives get from it, 
expenses and tuition fees for 
Men attended 


California and 


to pay 
Irom @s 
Alberta, 
Several were heard to com- 
had thought the fee 
heard to 


their people. 
far away as 
Canada. 

that 
none 


ment 
high; 
after the conference ended. 

Credit for the major organizational 
Roth, Division 
Education, New York 
Chairmen of the technical 
John E. Vance, NYU, 
Norman R. Beers, NucLEONIcs, Myron 
Coler, NYU, Lyle B. Borst, Brook- 
haven National Laboratory, and Frank 
Maslan, NYU. 

It is understood papers 
presented and the that 
followed will be edited and published 
Harper & Bros. 
now ready 


they 


was complain 


effort goes to Sidney G 
of General 
University. 


sessions were 


that the 


discussions 


in book form by 
Certain of the 
may appear in 
NUCLEONICS, 


papers 
issues of 
END 
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Neutron Spectroscopy for Chemical Analysis—! 
RESONANCE EFFECTS, TRANSMISSION in the 1/u REGION 


A summary is given of analytical applications of neutron 
resonance absorption and scattering, including transmission 
in the 1/v region. Interesting examples are provided to 
illustrate the application and limitations of the methods. 


By W. W. HAVENS, Jr., and T. I. TAYLOR 


Physics Department 


Chemistry Department 


Columbia University, New York, New York 


IN THE FIRST PAPER (/) of this series, a 
general review Was given of the proper- 
ties of neutrons, the nature of their 
interactions, and the methods by which 
their interactions could be measured as 
a function of their velocity or wave- 
length. It was shown that the cross 
sections for neutron interactions could 
be measured for energies from 0.001 ev 
to 10,000 ev by use of a mechanical 
velocity selector, a crystal spectrometer, 
or a modulated cyclotron. In this 
region, resonance absorption and scat- 
tering occur for a number of elements, 
particularly for those with mass num- 
bers above 100. The general nature 
and the shape of the resonance curves 
were discussed in terms of the Breit- 
Wigner formula. 

To determine the total cross section, 
o:, of an element for neutron inter- 
actions as a function of energy, it is 


only necessary to select the neutron 
velocity with one of the neutron 
spectrometers, measure the transmis- 
sion 7’ of a sample of known thickness / 
and density p, and then calculate the 
cross section (1) by the equation: 
M I M 1 
o, = —In— = —lIn- 
nn 6TlCOC*eh TT 

Here M is the atomic weight, uw repre- 
sents grams of sample per cm?, and N is 
Avogadro’s number. Similar measure- 
ments are then made for other veloci- 
ties. The results are usually plotted 
as cross sections in barns (1 barn = 
1 X 10-24 em?) against either neutron 
energy in electron volts or neutron 
time-of-flight in microsecc ids per meter. 

The curve for tantalum in Fig. 1 is 
typical of the experimental results (2) 
obtained for many of the elements. As 
shown in this curve, tantalum has a 
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FIG. 1. Slow neutron cross section of tantalum 
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clear resonances 
for the elements 


heights of 
are given 
of the 
of the 


rhe 
the lines 
in terms 
‘*strength 
resonances” which 
in most cases are 
good to a factor 
of two or better 
Those values ob- 
tained by methods 
other than the mod- 
ulated cyclotron 
(mostly the rare 
earths) are prob- 
ably not as good.| 
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large resonance absorption at 4.1 ev. 
This can be used not only to indicate 
the presence of tantalum but also to 
measure quantitatively the amount of 
tantalum in a sample that contains no 
elements with interfering resonances. 
It is, for example, useful in determining 
the per cent of tantalum in a sample of 
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A. 4 
250 300 


250 


RON TIME OF FLIGHT IN MICROSECONDS PER METER 


Similar curves have been 
for many 


columbium. 
obtained (3) and compiled (4 
of the elements. 

The principal resonances for a num- 
ber of the elements are given in Figs. 2 
and 3. Those with large 
cross sections can be detected quali- 


elements 


tatively and determined quantitatively 
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in the absence of elements with inter- 
fering resonances or high cross sections 
in the region of the resonances. Conse- 
quently it is necessary to have some 
knowledge of the nature of the samples. 
Resonances for the lighter clements 
(atomic weights below 100) occur only 
at relatively high energies where the 
velocity selectors described previously 
are not very useful. 
Examples of cases where analyses 
appear to be feasible are: 
Tantalum in columbium 
Hafnium in zirconium 
Indium in tin 
Thicknesses of silver, gold, rho- 
dium or cadmium films or 
electroplate 
Manganese in aluminum or iron 
Cobalt or manganese in steels 
The rare-earth elements, ete. 
The analysis can be done by obtaining 
an empirical working curve from a series 
of appropriate standards just as is done 
in analysis by light absorption, or it can 
be done from a single curve, if the 
Breit-Wigner constants for the reso- 
nance curve of the element are known. 
This is illustrated in the following 
section by the case of indium impurity 
present in tin. 


Analysis by Resonance Absorption 
and Scattering of Neutrons 


In Fig. 4 the transmission is given for 
a sample of indium containing 38.65 
mg/cm?. <A section of a similar curve 
is given in Fig. 5 for a sample of tin 
15.15 gm/em*. It is obvious from 
these curves that the energy of the 
resonance absorption in the tin sample 
occurs at 1.44 ev, the same as for the 
sample of indium. Resonance absorp- 
tion at this energy is characteristic of 
the indium nucleus and can be used as a 
qualitative identification of this ele- 
ment. The following treatment will 
show how the area of this resonance dip 
can be used for quantitative estimation, 
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once the appropriate constants are 
known for the element. 

Method of analysis. The trans- 
mission of a sample consisting of several 
elements is given by 


7 =e7 =n,'0; 


where n,;’, the number of atoms of the 7th 
element per em?, is equal to the number 
of atoms n per cm? times the thickness 
l, and where o; is the cross section in 
cm? per atom of the ith element. The 
energy dependence of 0 near a resonance 
absorption is given by the Breit-Wigner 
formula (1) 


— (FZ be ool? 
a E) 4(EF — Ey) +1? 


where o» is the cross section of the 
isotope at resonance; /» is the resonant 
energy; [' is the half-width of the level 
in ev at '9 the maximum cross section 
oa); and £ is the energy of the incident 
neutrons in ev. 

When the energy of the neutron is 
not near the resonant energy of any of 
the isotopes present, the cross section 
is approximately 4ar? [where r is the 
nuclear radius (r = 1.5 X 107" X A‘, 
A being the number of particles in the 
nucleus, 7.e., its mass number)]. This 
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FIG. 5. Slow neutron transmission of 
45.15 gm cm? of tin with a 0.03 indium 
impurity 


section varies between 2 and 11 


Cross 
barns for elements. 
When the 


proaches the resonant energy, the cross 


practically — all 
energy of the neutron ap- 
In some 
cases, it may become as high as 100,000 
barns at EF 


section in the 


section increases very rapidly. 


This rapid increase in 
Cross vicinity of a 
resonance causes the resonant dip in 
transmission curve. 

In the cross section vs energy curve 
for a sample of material, the observed 
cross section resonance can be 


divided 


that is due to the resonance absorption 


near a 
into two parts: (a) the part 
ind seattering of a particular isotope 
and changes rapidly with energy, and 
bh) the part that represents the sum of 
the elastic scattering cross sections of 
all nonresonant nuclei present and does 
not vary rapidly with energy. Since 
one part of the cross section does and 
the other part does not vary rapidly 
with the this 


part 


“background” 
that 
vary rapidly with energy 


energy, 
cross section (the does not 
can usually 
be obtained without difficulty. 

It is obvious from the transmission 
curve of tin with the indium impurity 
that the indium transmission dip re- 
covers to the background transmission 
0.34. The 


the sample then remains 
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of approximately trans- 


mission ol 


fairly constant for a relatively wide 
energy range. <A derived 


transmission curve’’ for the indium in 


‘resonance 


this sample of tin can be obtained by 
dividing the 
curve by the background transmission. 
This 
the one used for the quantitative esti- 


observed transmission 


resonance transmission curve is 
mation of an element. 

Effect of resolution width. To ob- 
tain the quantity of an element from its 
resonance transmission curve, one must 
consider the method by which the data 
are obtained. 

In the modulated cyclotron velocity 
selector, as described in the previous 
article, there is approximately uniform 
production of neutrons for a time 7 and 
detection of the neutrons for an interval 
of time 7’. Suppose for simplicity 
that 
Then neutrons having 


(and usually applied in practice 
we let 7 = 7’. 
times-of-flight between ¢,; —7T and 
i; +7 will be detected and recorded. 
The probability that the particle having 
a time-of-flight ¢ between ¢; — 7 and 
t; +7 being detected will be propor- 
tional to the sum of area of the produc- 
tion pulse and the detection pulse over- 
Therefore, the 
particle of time-of- 


lapping at the time ¢ 
probability of a 
flight ¢ being detected will be zero at 
t = ¢t, — T, increase linearly until t = t, 
and then decrease linearly to zero at 
t=t, + T. 

The probability of detection can be 
represented mathematically by a dis- 
function by the 


tribution expressed 


following relations: 


P(t.7) = 0 
fort < (t, 


P/ t,r) = 
r? 


for (t; 


%(t,r) = L [ (ty 
ra 


? 


for t; < 
Hii,7) =0 
fort > 








This distribution function is usually 
called the resolution function or reso- 
lution width of the apparatus. The 
relation of the resolution function of the 
apparatus to “cyclotron on time” and 
“detector on time”’ is given in Fig. 6. 

If the constants for the Breit-Wigner 
formula are known, a calculated value 


” 


for the transmission, 7’., of the sample 
for neutrons of energy E can be ob- 
tained from the equation 


tT. we *s 


Here n’ is the number of atoms per em? 
of the absorbing material and oz) is 
the cross section of the material at the 
energy E as given by the Breit-Wigner 
formula. This, however, is not the 
curve that is observed experimentally 
because the apparatus does not have 
infinitely sharp resolution. To match 
the experimental curve, it is necessary 
to include the effect of the resolution 
width of the apparatus. 

The actual observed transmission 
curve is given by 


+a 
T = / ; glu) T(E + udu 
where ¢g(u) is the smearing function 
representing the resolution width of the 
apparatus on the energy basis and the a 
is the half-width of the resolution 
function, 

The observed transmission at a 
particular energy in the vicinity of a 
resonance can be quite different from 
the calculated transmission of the 
sample at this point. Therefore, the 
observed transmission value at the 
minimum of the transmission dip is not 
a reliable measure of the amount of the 
resonance absorber, 

Area of the resonance dip. The 
difficulty noted can be circumvented by 
considering the integrated effect of the 
level over the energy range where it is 
effective. Let us define a quantity A 
which is given by the expression 


E: 
A= i I T)dE 
Ei 
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- (1,7) 














FIG. 6. Resolution function of the 
apparatus #(u) showing relation to 
“cyclotron on time” and ‘detector on 
time”’ 

where £, is less than Fy and E2 is 
greater than Fo. Quantity <A repre- 
sents the area between the observed 
resonance transmission curve and unity 
transmission and is proportional to 
what we shall call the ‘‘strength of the 
resonance level,”’ 

Substituting the expression for the 
experimental transmission into this 
formula gives 


E: a 
A= I, [1-/ g(u) T(E +u)du |dE 
41 =—@ 


Now if: (1) ¢(u) is a symmetrical nor- 
malized function, that is, 


a 
g(ujdu = 1, 
—~@ 


(2) (Fk. — E,) >a, and (8) there is 
negligible difference between the odd 
derivatives of 7. (£) at the limits of the 
integration, then the integral may be 
written as 
E: 

A= if {1 — 7T.(E)|dE 
Ei 

Now if we also assume that Eo >T 
(as it is in most cases), then the term 
(E/E) is approximately unity over 
the energy range where @ is very large. 
The function [1 — 7.(2)] then becomes 
a function that has a value different 
from zero in a small energy range com- 
pared to the range of integration. 
Therefore, we can let the limits of the 
integration go from — « to + with- 
out changing the value of this integral 
appreciably. 

If we also further simplify the ex- 
pression for A by changing the variable 
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that z = [(2(E | OF 


1 is given by 


such | 2 the 


lantity 


, 
—noo 


2) ae 


This integral cannot be evaluated 


However, for the two 
pecific cases which are most useful, 


nalytically. 


atisfactory approximations can be 
ade 


If the 


ample is very small at exact resonance, 


actual transmission of the 


that is, if no, 1, then, for values of x 


ifficiently far from exact resonance 

T is appreciably different from 
ero, the 1 in the denominator of the 
xponent can be ignored compared to 
the z*, This is so because that part of 
the transmission curve where the trans- 
mission is effectively zero (it matters 
ttle whether 7 = e~"° or «¢ intro- 
luces negligible contribution to the 
We can then write: 


—n'oo 


wt [ ss l-—e * \dz 


d 


tting 2 1/2 


Pye s4.  OFee~ 
3 |. pets oe 


The first 
itegral can be integrated by parts to 


integral is zero; the second 


tain 


—~ A*thie 
Van'ol? or ni = —thick 
mool? 


“thick” 


when nodo > 1, the 


Therefore, for a sample, that 


area between 
nity transmission and the actual trans- 
iission of the sample is directly pro- 
portional to the of the 


number of atoms of the resonant nucleus 


square root 
resent. 

In the case of a “‘thin’’ sample, that 
s when ool’ < 1, the exponential can 
e expanded in a rapidly converging 
series, and A becomes 

| " noo n 
=; —— dx = = noo 

2 J « 1 4. xz? 2 

2A 


A thin 


or n= 


nool’ 
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Here the number of atoms in the sample 
is directly proportional to the area. 

If more detail about a certain sample 
is needed, more terms in the expansion 
for the thin-sample approximation can 
be taken. Thus, eight terms in the 
series gives to within 5°; the area for a 
thick as nog = 8. Alter- 
natively, a series of numerical integra- 


sample as 


tions can be performed, and the exact 
shape of the resonance transmission 
curve can be obtained. The procedure 
for fitting the caleulated curves to the 
experimental data has been given pre- 
viously by Havens and Rainwater (3). 

The simple approximations just given 
are reasonably good, but both of them 
This 


leads to too low an estimation for the 


give too large a value for A/T. 
value of n’. By comparison with the 


more exact numerical solution to the 
problem, the error in n’ for the approxi- 
mations can be determined. These 
values are plotted in Fig. 7. 

It can be seen from the curves that, 
at n’oo = 2, the corrections for n’ for 
the two approximations are about the 
(50° 
n'oo of about 0.1 for thin samples and 
about n’oo = 10 for thick samples, the 
deviations are from 3 to 4%. 


After the value of n’ is determined using 


same However, for values of 


only 


the analytical approximations, correc- 
tions can then be made from Fig. 7. 


Examples of the Method 
Application of the resonance absorp- 
tion method to the specific case of the 
60 
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FIG. 7. Correction curves for the approx- 
imate area of the derived transmission 
curve 
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indium impurity in tin will illustrate 
the procedure for a typical analysis. 
In the 45.15 


gm/cm? of tin shown in Fig. 5, the con- 


transmission curve for 
stant part of the observed transmission 
is 7’ = 0.34. 
at each point of the experimental curve 
is divided by 0.34 and the numbers 


The actual transmission 


thus obtained are subtracted from 


This gives values of 


T 
(: —) 


which are plotted against the energy in 


unity. 


electron volts in Fig. 8 to give the de- 
rived resonance curve. The area under 
this curve was found by numerical inte- 
gration to be A = 0.15 ev. 

Since the minimum transmission is a 
little less than 0.7, the sample is as- 
sumed to be “thin” as a first approxi- 
mation. Substituting the known value 
of ool’ = 2,340 for the 
experimental area A 
in the thin-sample 
(2A) /(aool’) 1.10 « 1019 
atoms/em?, Reference to Fig. 8 shows 
that for noo = 4.10 X 10'* & 26,000 x 
10-24 = 1.07, the the 
approximate formula is The 
more precise value for n’ then becomes 


indium and 
the 


formula 


value for 
n' = 


gives n’ = 


correction for 


29%. 


5.19 K 10'® atoms ‘cm? or 9.9 mg /em?, 
This corresponds to 0.022 In, with an 
+0.01% In. This 
is in reasonably good agreement with 
the spectographic analysis which showed 
0.03 + 0.01% In. 
transmission 


estimated error of 


With more precise 
measurements at the in- 
dium resonance, a greater accuracy in 
determining the area could be achieved. 

To be determinable in small amounts 
by the method noted, the Breit-Wigner 
constants o» and TI’ should be known, 
and the amount of the element in the 
neutron beam should be such that n’ao 
is not smaller than about 0.2. Other- 
wise, the transmission at the resonance 
is too great for good measurements. 
For indium, this means that a foil con- 


taining about 1.5 mg/cm? (0.002 mm 
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ENERGY IN ELECTRON VOLTS 


FIG. 8. Derived resonance curve for the 
indium impurity in tin from Fig. 5 


thick) can be determined to within 10 
to 20°%. Similar calculations for gold 
with ool’? = 612, ao = 24,000 
and [’ = 0.16 show that 2.74 mg/cm? 
thickness of 0.0014 
determinable. 


barns, 


or a mm is 

As a further illustration of the re- 
quirements of the method, determina- 
tion of hafnium in zirconium can be 
considered using the resonance at 7.6 ev 
where ool’? = 800 (Fig. 2). Assuming 
the primarily a 
resonance absorption, I’ is probably 
about 0.2 ev, and a» would be about 
20,000 barns. For n’o» equal to about 
0.2 80°% transmission at the 
resonance peak), the number of atoms of 
Hf per cm? required would be 1 X 10% 
or about 3 mg/cm?. 

To determine 0.1% of hafnium in 
zirconium this would require a sample 
containing about 3 gm/cm? of the zir- 
conium sample. The modulated cyclo- 
tron velocity selector uses a sample 
This means 
that, as the metal, the sample should be 
5 mm thick or should weigh 
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resonance to be 


(about 


about 7 em in diameter. 


about 








about 115 gm. In the range of 1° Hf 
the sample would be only about 2.5 mm 


thick and would weigh about 11.5 gm. 


Detectability of a Resonance 

Actually, the minimum quantity that 
can be determined depends upon the 
energy at which the resonance occurs 
and the constants of the nuclear reso- 
nance as shown by the _ following 
considerations. 
data taken with the 


modulated cyclotron neutron spectrom- 


Because the 
eter are usually on the time-of-flight 
basis, the expression given previously 
for the area of the resonance dip on the 
energy basis should be converted to the 
Since 


basis. 


time-of-flight 
2dt /2, then 


area on @& 


dE/E = 


E>» 
i; * 


Ar => 


noo = a Se 4. for 


a thin 
7 to : 


Therefore, 
sample, 

2 Ee 
nol? = A, 


vin to 


and 
where Ag and A; represent the area on 
time-of-flight 


the energy and basis, 
respectively 
Experimentally the criteria for a 
resonance level is not the area under the 
resonance dip but the change in trans- 
resonance. It is 
difficult to give exact criteria for the 
strength and energy of the level for a 


specified transmission because the ac- 


mission at exact 


tual observed minimum transmission 
depends on the resolution width of the 
apparatus and the actual nuclear con- 
stants of the level. However, we can 
conditions at the two 


limiting eases of the resolution width of 


examine the 


the apparatus: (1) when the level is 
completely resolved, and (2) when the 
width wider than 
the resonance. 


is much 
For 
minimum observable number of atoms 


resolution 


these cases the 


per cm? can be estimated 
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In the case of Cd, the level has been 
completely resolved with EL» = 0.176, 
T = 0.115, and a) = 7,200. The mini- 
will be at the 


T = e*'% 


mum = transmission 


resonance energy Ey when 


The 


transmission to the 


maximum ratio of the constant 


resonant trans- 
mission that can be observed is about 
0.9 or n’oy) = 0.1, which gives n’ = 1.39 
x 10'* or 2.6 mg em? 

For Mn, where £;, 


¥ we CV, 


= 300 ev and 
ool? = 20,000, the 
difference in time-of-flight between the 


with 


resonant neutron and a neutron of 


energy Ey +P 
0.03 usec m. 


corresponds to about 
Since the best resolution 
width so far obtainable is about 
0.9 usec m, the observed width of the 
resonant dip on the time-of-flight basis 
will be almost completely due to the 
resolution width of the apparatus. In 
the case of Mn, if the production inter- 
val T equals the detection interval, the 
will be 


observed transmission dip 


triangular in shape and have a_ base 
equal to twice the interval 7. Using 


the maximum ratio of the constant 


transmission to the resonant trans- 


mission as 0.9, the area will be 


Az = [14][0.9 usec,m)[1 — 0.9] 
= 0.045 usec /m 


In the case of the thick-sample approxi- 
mation, the following is obtained: 
4 E,? 


n'ool? — A,” 
x t,* 


15.3 
so that 


n' = 7.7 X 10? or 71 mg/cm? 


For Mn, o> ~ 5,000 barns; therefore 
n'a) 4, which means the thick-sample 
approximation is the proper approxi- 
mation to use. 

It should be emphasized that even 
though the strength of the Mn level is 
more than 200 times the strength of the 
Cd level, about 50 times as many Mn 
atoms as Cd atoms must be present to 
effect. In the 
higher-energy region, it is necessary to 
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TABLE 1 


Constants for E~™” Lines 


Element 
A 
Ag 
Al 
As 
Au 
B 
Ba 
Be 
Bi 
Br 
C 
Ca 
Cb 


Zn 
Zr 


a 
0.68 


> tS mm Oe 
vy 


to _ ~= 
Ne ROW Oe Ys Raw 
or 


oe 
J 


— — 
Cr tS tS bm Sto 9 ee ee OA DD 


a 


os 


oe en 
| 


Si B=) 
“NJ 4] 


Song 


0 


c 
123 
05 
036 
68 


vw 


21 
0016 
0023 
01 
0007 
079 
10 


4 


56 

54 
0016 
34 

35 

44 
00013 


12 
5 

i 
0071 


0001 


‘ 
032 
95 
03 
O87 
8 
6 
39 
062 
64 

4 
032 
O88 











use a relatively thicker sample for de- 
tection of a resonance dip. 


Analysis by Standards Comparison 


In cases where the constants for the 
nuclear resonance are not known pre- 
cisely, a comparison method of analysis 
can be used. In this method, a series of 
standards is prepared using known 
amounts of the element in a matrix 
similar to that of the unknown samples. 
The area under the derived resonance 
curve is obtained for each sample. 
This area is then plotted against the 
amount of the element present. The 
curve thus obtained will serve as a 
calibration curve for this element. 

The amount of impurity in a par- 
ticular matrix may be obtained directly 
from this curve once the area of the de- 
rived resonance curve has been ob- 
tained for the unknown sample. 


Analysis Using 1/v Lines 

It was shown previously (1) that the 
cross section at energies below the first 
resonance and above the region where 
diffraction effects are appreciable could 
be given by the formula o.,, = a + 
(b/v) or a +cE-*, That is, the cross 
section is given by a constant scattering 
term a, plus a term that varies as 1/v 
or as E~’*, Here a, b and ¢ are con- 
stants, v is the neutron velocity, and 
is the energy in electron volts. 

Thus a straight line is obtained when 
the cross sections in this region are 
plotted against 1/v or against ¢, the 
time-of-flight in microseconds per meter. 
The slope of the line gives the constant b 
and the intercept gives the constant a. 
This is illustrated for silver in Fig. 9. 

In Table 1 the constants for a number 
of the elements are listed and a few 
typical 1/v lines are plotted in Fig. 10. 
The lower limit to the energy where the 
1/v dependance can be used is the 
energy region where diffraction effects 
caused by coherent scattering become 
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an appreciable part of the total cross 
section 

For a mixture of two elements having 
different cross sections at two energies, 
an estimation of the composition can be 
made from the cross sections at these 
energies and from the thickness of the 
Although the 
results as 


sample. method does 


not give precise as the 
resonance absorption method, it may 
find application in special cases. 

For elements having 
different slopes for their 1/v lines, the 
method can be adapted in the following 


way. 


considerably 


The change in intensity dl of 
the neutron beam with intensity, Jo, as 
it passes through a thickness dz is: 


dl = I NACA + BOR dx 


where ma, mp, 0a and op are, respec- 
tively, the number of atoms per em3 
and the cross sections of elements A 
and B. 
for thickness z gives: 

I - 
oe 
If the 


velocities v’ and v”’, 


Integration of this equation 


naca + Npop)r = In T 


transmission is measured at two 


where the cross see- 
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FIG. 9. Slow neutron transmission of 
7.84 gm/cm? of silver 
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tions are oa’, op’ and oa”, op”, the 


following equations apply: 


- In 7 


Tse = = 
Zz 


Lo In 7’ 
+ nponp = — - 


nor’ 
n son’ 


Consequently, it is only necessary to 
measure the thickness of the sample and 
its transmission at two different neu- 
tron velocities. These equations can be 
solved for na and np, the number of 
If the 
composition is to be expressed in weight 
per cent, then from the fact that the 
density d of the sample in gm/cec is 
given by: 


atoms of each element per ce. 


na Ma nip Ma 
d =—— + — 
N V 


the per cent of A in the binary mixture 


is: 7 A om 7AM X 100 
naMa . a npMep 


Here Ma and Mgare the atomic weights 
of A and B, respectively, and N is 
Avogadro’s number. 

The determination of manganese in 
iron will illustrate the requirements of 
the method. The equations for the 
cross sections of Mn and Fe in the low- 
energy region are 

Ore = 11.1 + 0.34E-* 
Omn = 2.26 + 2.24E-% 
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At 10 ev, the transmission of a sample 
2.0 cm thick was found to be 7” = 0.181 
and at 0.1 ev it was 7” = 0.136. The 
cross sections for Fe at 10 ev and at 
0.1 ev are, respectively, 11.2 and 12.2 
barns; for Mn they are, respectively, 
2.97 and 9.36 barns. 

Substitution of these values in the 
equations above gives 


m 1.70 
11.2nr. + 2.97nmn = ~ < 1074 

oo 1.99 : 
12.2nr. + 9.36mmn = a 1024 


Solution of these equations gives 
tre = 7.3 X 10%? atoms per cm‘, and 
mmo = 1.13 XK 10%? atoms per cm*, or 
13.4 mole per cent Mn. This may be 
converted to weight per cent in the 
manner described previously. 

Assuming that the transmission could 
be measured to +0.01, the error in this 
particular cease might be as high as 
+4% Mn. To obtain a greater pre- 
cision, it would be necessary to measure 
at energies more widely separated. 
Other systems such as cobalt in iron, 
tantalum in columbium, silver in lead, 
hydrogen content of substances, boron 
in glass, efe., are more favorable cases 
since greater differences in cross sec- 
tions may be obtained at two different 
energies (see Table*l and Fig. 10). 

If one of the components in the 
binary mixture is present to a relatively 
small extent so that it may be classed as 
an impurity in the principal material, 
it is more convenient to determine the 
ratio of the impurity to the principal 
component in the following way. Tak- 
ing the log of the ratios of the trans- 
mission at the two different energies 
gives 
1 yy ” ; 
— log ma = naloa” — oa’) 
- + np(op” — op’) 
Assuming B to be an impurity in A, 
then 


nB log 7”°/T”’ (oa”’ — oa’) 


a , 7 , 
na zna(op”’ — op’) (on — op) 


16 


The case of an impurity of manganese 
in aluminum will serve as an illustra- 
tion. For aluminum, goa: = 1.48 + 
0.0362-%, so that at 10 evoq: = 1.49 
barns while at 0.1 ev oa: = 1.59 barns. 
The transmission of a sample of alumi- 
num 20 em thick (54 gm/em?) was 
found to be 0.164 at 10 ev and 0.135 at 
0.1 ev. Substitution in the equation 


gives 
nB a 0.194 
nan 1.2 X 1074 X 6.39 X 107*4 


0.10 

~ 6.39 X 10°24 

P 0.164 - 0.10 = 0.010 
6.39 

That is, the mole per cent of the Mn 
in the aluminum sample is 1%. Here 
again, an examination of the precision 
to which the measurements are usually 
made shows that the error may be as 
high as +0.5 mole per cent Mn. A 
similar examination of this method 
shows that 1% of tantalum could be 
determined in columbium to +0.2% 
tantalum. Consequently for more pre- 
cise measurements of small amounts of 
substances by this method, elements 
with higher values of c (Table 1) should 
be the cases chosen. 

A possible application of this method 
would be in the continuous measure- 
ment of the composition of an alloy or 
other binary system. It would not be 
difficult to measure the thickness of the 
sample continuously. In the case of 
solutions, the cell through which the 
solution flowed would be of constant 
thickness. The transmission at two 
different velocities could then be made 
by use of one of the velocity selectors 
previously described or by use of 
appropriate absorber and _ detector 
systems. 

For materials that have appreciably 
different cross sections at two neutron 
energies, the procedure described here 
can readily be adapted to the meas- 
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urement of thickness rather than 


composition. 


Analysis by Transmission Measurements 
at One Velocity 

As will be discussed in the next paper 

to be published in this series, analyses 

for elements of high cross sections can 

be made by simple neutron transmission 

thermal 


measurements of a beam of 


neutrons However, cases arise 


may 
where interferences can be minimized 
if the 
narrow energy band rather than with a 


measurements are made with a 
broad energy distribution in a beam of 


thermal neutrons. In such cases, one 
of the neutron spectrometers, or the 
appropriate system of neutron filters, 
would be useful. 

The case of a binary mixture in which 


one of the elements has a relatively high 


cross section will illustrate the pro- 
cedure. In this case, it is necessary to 
know both the thickness and the den- 


sity of the sample to give the total 


grams of material per em? For such a 


mixture 
In T = (na’oa’ + np’op) , 
uN uN 
” va + y7- OB 
Ma Ms 


where n’ is the number of atoms pet 
em?; wa and wp are the grams per em? of 
A and B: Ma and Mg are 


molecular 


substances 


their respective atomic or 


weights; and N is Avogadro’s number. 
Since the total grams per cm? of the 
=A + pup, then pp = 
Substitution in the equation 


sample is G 
G MA 


above gives 


In T oa + (G@ — pa) oB 


] N 
oF Mp 
= waka + (G — pa)Ka 

Kz = 


con- 


where Ka = Noa Ma and 
Nos/ Mpa T, G and the 
stants Ka and Ag are known, wa may 


Then: 


Since 

be calculated. 

% A =" x 100 
G 
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In some cases, the cross section of one 
element is so large as compared to the 
cross sections of the other elements in 
its contribution 
This 
true, for example, in the case of alloys 


the mixture that only 


need be considered. would be 
containing cadmium along with lead, 
bismuth, or tin, the 


thickness of electroplated films of such 


Determining 


elements as gold, silver, rhodium, etc., 
on a base material of low cross section 
also lends itself to this procedure. 

The next article to appear in, this 

. . . aa 
series in NvucLeonics” will discuss 
analytical determinations using trans- 
mission measurements with beams of 
thermal neutrons, the decrease in neu- 
tron flux by neutron absorbers, and 
neutron activation 

* * > 

The assistance of Mr. Robert A. Ander- 
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A Sensitive Directional Gamma-ray Detector* 


By Benedict Cassen, Lawrence Curtis and Clifton W. Reed 
Medical School, University of California at Los Angeles 


As is well known, many attempts have been made to increase the sensitivity 


of Geiger counter tubes to gamma rays. 
heavy metal inserts, producing some increase in sensitivity. 
constructed with a multiplicity of heavy metal electrodes. 


Special tubes have been made with 
Others have been 
Essentially, these 


tubes consist of a number of counters connected in parallel in one envelope. 


If the gamma quantum does not pro- 
duce a recoil or photoelectron from the 
first has a 
producing one further along its path. 
These tubes tend to become large and 
to have a high background 
complicated bulky shielding and aux- 
iliary counters are 
used. 

Two gamma emitters, radioiodine 
and radiosodium, have been used on a 
relatively large biological 
tracers in research and clinical testing. 
Over-all thyroid uptake of radioiodine 
is usually measured by a_ shielded 
Geiger counter placed in proximity 
to the thyroid gland. At customary 
tracer dosages, the total count is small. 
Any attempt to collimate the counter 
so that the active region of the thyroid 
could be partially delineated leads to 
counting problems involving questions 
Obviously, 
con- 


electrode, it chance of 


unless 


anticoincidence 


scale as 


of statistical significance. 
if the counter could be made 
siderably more sensitive without too 
much complexity, much more informa- 
tion, such as area and location of the 
uptake region and possibly the existence 
of islands where uptake does not occur, 
could be obtained. 

In the use of radiosodium in 
culation studies, arrival times at 
the heart or other parts of the cir- 
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culatory system are measured after 
injection. Here again, if greater sen- 
sitivity were available, more accurate 
and detailed arrival regions could be 
delineated and smaller dosages could 
be used. Other applications of sensi- 
tive directional gamma counters readily 
suggest themselves. 

Several attempts have been made 
by us to develop more sensitive direc- 
tional counters. Some schemes gave 
higher sensitivity but not enough for 
practical application. The availability 
of clear calcium tungstate crystals 
suggested their use in this problem. 
These crystals have a relatively high 
density of 6 and a high content of the 
higher atomic number element wolf- 
ram. This makes it possible for them 
to absorb a high percentage of the 
incident radiation in a small volume. 
The scintillations produced by recoil 
or photoelectrons were observed by 
means of a photomultiplier tube. 

It was questionable at first whether 
a photomultiplier tube could be used 
satisfactorily at room temperature 
because the tube noise would have 


* This paper is based on work performed 
under Contract No. At-04-1-GEN-12 between 
the Atomic Energy Commission and the Uni- 
versity of California at Los Angeles. 
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to be biased out to keep the back- 
ground down, and the scintillation 
efficiency of the crystals was not known. 
agreeably 
surprised with the high brightness of a 
significant fraction of the scintillations. 


On actual test we were 


The signal-to-noise ratio was adequate 
to enable the noise to be biased to a 
negligible background. 


Description of Apparatus 


longitudinal 
section of the directional counter head 


The diagram shows a 


developed especially for use with I, 
The sensitive scintillating element 
consists of four pieces of 14-in. square 
by 34-in. long polished rods of calcium 
tungstate cemented together with Can- 
ada balsam and in turn cemented onto 
the glass envelope of the photomul- 
tiplier opposite the lower two thirds 
of the The 


whole glass envelope of the photo- 


photocathode window. 
multiplier with the crystals cemented 
on is then wrapped with shiny alumi- 
num foil. The lead 


around the tube is adequate shielding 


housing shown 


for radioiodine but not for radium or 


radiosodium gamma rays. For the 


heavier and 
more cumbersome housing is required. 


latter emitters, a much 

This particular housing design is for 
locating an emitting region, such as a 
thyroid gland or other easily accessible 
regions where, in general, it would be 
possible to get the entrance port only 
a centimeter or two from the emitting 
region. Entrance ports of various 
sizes can be used to provide various 
degrees of resolution of the radioiodine 
distribution to be obtained. 

The most 


the electrical circuits 


noteworthy feature of 
(which will be 
described in detail in a forthcoming 
report) is that the scintillation pulse 
from the taken 
through a coupling capacitor to an am- 
plifier which feeds to a gated counter. 
The use of the coupling 
enables the photomultiplier to be oper- 
ated with negative ground, which is 
conducive to less noisy operation. 


photomultiplier is 


capacitor 


The outside of the head is a brass 
tube which can be hand held or 
clamped to a counterbalanced arm. 
The latter procedure is preferable where 
scanning is to be used. Ultimately 


it might be desirable to have an 





crystals 
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automatic scanning motion and auto- 
mnatic recording. These features have 
not as vet been embodied. 


Sensitivity Test 

Radioiodine-131 emits an 0.37 Mev 
and an 0.08 Mev gamma ray. The 
first test performed was to. deter- 
mine whether the 0.08 Mev quanta 
were producing observable scintilla- 
tions above the bias level. For this 
purpose, counts were compared with 
no filter and with a 1.5-mm Cu filter 
The half-laver thickness of copper for 
the 0.08 Mev radiation is about | mm; 
therefore, the filter absorbed more than 
half of the O0.08-Mev gamma _ ray. 
No appreciable difference in counting 
rates was observable. It was con- 
cluded that all the scintillations ap- 
preciably above the noise level were 
due to recoil or photoelectrons from the 
0.37-Mev component. 

The bias was adjusted so that the 
noise background count was about 
two per second. A solution containing 
effectively 27 ye of radioiodine was 
placed in a small flat-bottom bottle 
which was placed directly over the 
\4-in. diameter aperture. The amount 
of radioiodine that could ‘‘see”’ the 
crystal was calculated to be 5.4 we. 
This amount emits 7 X 10° of the 
0.37-Mev quanta per second, only a 
small fraction of which reaches the 
crystal assembly. With the geometry 
used, this fraction was calculated to 
be 1.65 & 107%. Therefore, there are 
330 hard quanta per second striking 
the crystal assembly. The sample 
under these conditions gave a count of 
about 87 per second, the net count 
being 85 per second. This indicates 
that 85439 or 25.8% of the hard quanta 
striking the crystal gave bright enough 
scintillations to be recorded over the 
bias setting. This percentage could be 
increased slightly by lowering the bias 
to give a higher background count. 

No doubt it could be increased con- 
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siderably by more efficient optical 
design so that weaker scintillations 
would better surmount the noise. 
However, the efficiency obtained for the 
hard quanta is high compared with 
that of Geiger counters. 

The data obtained indicate that it 
would be possible to detect 1.5 ye of 
radioiodine per sq em at about twice 
background using the }4-in. diameter 
port. Even less than twice background 
would be statistically significant be- 
cause several thousand counts could 
be obtained in a reasonable length of 
time. The projected area of a normal 
human thyroid is about 12 sqem. A 
total uptake of about 20 we per gland 
would then enable one to outline the 
gland with approximately }4-in. resolu- 
tion. By sacrificing resolution by 
using the larger apertures, the sensi- 
tivity could be markedly increased. 

It should be noted that the counting 
rate is not sensitive to the distance of an 
extended emitting surface from the 
port. As the emitting surface gets 
further away, the radiation reaching 
the crystal from a small element of the 
surface decreases inversely with the 
square of the distance. The fall-off 
is compensated by the fact that the 
area of emitting surface the crystal 
“sees”? through the aperture increases 
as the square of the distance. This 
approximate constancy was experi- 
mentally observed with the present 
arrangement. Of course, the spatial 
resolution is less for the farther surface. 

This article covers only the instru- 
mentation development and _ testing. 
A program of clinical testing with this 
instrument will be undertaken. 


NBS Develops 
Neutron Standard 

The National Bureau of Standards 
has developed a primary neutron stand- 
ard which makes it possible for all 
laboratories to measure neutron radia- 
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tion intensities in terms of a common 
reference value. The standard consists 
of a solid beryllium sphere, 4 em in 
diameter, enclosing at its geometrical 
radium. The 
capsule is made of platinum-iridium 


center a. capsule of 


closely fitted to a gram of radium 
bromide compressed to maximum den- 
sity. Neutrons are produced in the 
beryllium sphere by the action of 
gamma rays from the radium. Pre- 
liminary measurements indicate that 
the standard emits 1.1 million neutrons 
per second. The rate of neutron 
emission will change slowly as the 
radium decays, but this change is only 


about 0.04% a vear and can be taken 
into account with sufficient accuracy. 
A duplicate standard has been pre- 
pared for loan to other research labora- 
tories requiring standardization of their 
neutron measurements. The standard 
is now ready for use and any future 
revision in the neutron emission rate 
will result in only a small correction 
to any data based on the present pro- 
visional value. If, as has been sug- 
gested, the unit of neutron intensity is 
defined in terms of the new standard, 
it will then be possible to express 
measurements from different labora- 
tories in directly comparable units. 


Cutting Flat Vacuum Gaskets on a Lathe 


By Robert B. Heller 

Saint Louis University 

Saint Louis, Missourt 
This note describes a simple method 
for cutting flat vacuum gaskets (rubber, 
10-in. 
lathe without gluing the gasket sheeting 


neoprene, silastic, etc.) on a 


on a face plate. 

1. Drill and tap a -in. hole through 
the center of a 4-in. long piece of hexa- 
Fashion a 
circle of hard wood 1-in. thick with a 
diameter about 1 in. larger than the 


gonal brass 2-in. wide. 


maximum outside diameter of vacuum 
Drill a 4-in. hole 
through the center of the wood disk. 
This disk is to be used as the backing 


gasket to be cut. 


for the gasket sheeting. 

2. Make a permanent set of circular 
brass plates of diameters corresponding 
to O.D.’s and I.D.’s of vacuum gaskets 
used in the laboratory. The set made 
here (of '¢-in. thick brass) range from 
3 in. to 9 in. in steps of 4 in. and were 
cut out on a lathe by bolting them 
through a ‘'4-in. hole to the 4-in. 
hexagonal holding bar described above. 

3. Make a good cutting tool from an 
ordinary piece of hard tool steel. 
If more than one gasket is to be cut 
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in a single operation (up to 3 gaskets 
of l<¢-in. thick sheeting have been 
successfully cut here) a cutting edge 
of knife-edge shape is required of 
length sufficient to cut through all 
the gaskets. 
when the cutting tool is used in the 


Best results are obtained 


inverted position (sharp edge upward). 

4. Cut out (with scissors) a piece of 
gasket sheeting of proper diameter 
and drill a 1'4-in. hole through the 
center. Place the circular sheeting on 
the large hard-wood faceplate with the 
proper circular brass plate (7.e., the 
one corresponding to the O.D. of the 
required gaskets) laid over. Pass a 
14-in. bolt through the sheeting sand- 
wiched between the wood backing and 
the circular brass plate and bolt the 
assembly onto the hexagonal holding 
bar. Here, it is important to note 
that it is not advisable to bolt the 
assembly too tightly or the sheeting 
may be compressed. Since the sharp 
cutting tool meets little opposition 
while cutting the sheeting, tightening 
the 14-in. bolt by hand with a lock 
washer under the head will be sufficient. 

5. Place the sharp cutting tool per- 
pendicular to the assembly mounted in 
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the lathe chuck. Best cutting results 
are obtained at moderately high lathe 
speeds. Move the cutting tool into 
the sheeting at the outer edge of the 
circular brass plate and work the cut- 
ing tool through the sheeting into the 
hard wood. This procedure yields the 
correct O.D. of the gasket. 

6. Replace the first (O.D.) brass 
plate with a second (I.D.) brass plate 
(corresponding to the I.D. of the 
desired gasket). Use the cutting tool 
as before to cut the inside circum- 
ference of the gasket. The resulting 
gasket is neatly and accurately cut 

This procedure has the following 
advantages: (1) a set of permanent 
brass cutting plates can be made up; 
(2) no glue or adhesive material is 
necessary; (3) clean accurate gaskets 
are quickly made up. 


Concrete Useful as 
Shield for Radiocobalt 


Concrete can be used as an effective 
protective barrier for gamma rays from 
cobalt-60 where space limitations are 
not too severe, according to the results 
of an investigation* by R. J. Kennedy, 
H. O. Wyckoff and W. A. Snyder of 
the National Bureau of Standards. 

Three distinct processes contribute 
to the attenuation of gamma rays in 
concrete absorbers: Compton absorp- 
tion and scattering, photoelectric ab- 
sorption, and pair production. In 
each kind of interaction, all or part of 
the initial energy of the gamma rays 
is given up to the atoms of the absorbing 
material, producing secondary photons 
of lower energy. In the case of Co®, 
the original gamma rays have an 
energy of about 1 Mev, so that the 
only kind of secondary radiation of 
any importance is produced by Comp- 
ton seattering. In such scattering, 
the total measured radiation consists 


* J. Research Natl. Bur. Standards 44 (Feb., 
1950). 


of two parts: the direct gamma radia- 
tion which comes from the source as 
primary radiation, and the remainder 
which comes from the entire volume of 
the intervening barrier as secondary 
radiation. 

Low-energy secondary radiation is 
more readily attenuated by a barrier 
than is primary radiation. There will 
thus be a particular absorber thickness 
for which the rate of production of new 
secondaries is just balanced by absorp- 
tion. This equilibrium condition did 
not appear, however, in the range of 
shielding thicknesses considered. 

Narrow-beam attenuation data was 
obtained through the use of concrete 
absorbers in the form of small cylinders 
about five inches in diameter and six 
inches long. Absorbers of iron, copper, 
nickel, and lead were also studied. A 
lead shield with a conical center hole 
was used as a diaphragm to form a 
narrow beam of radiation, giving an 
irradiated area 2.5 em in diameter on 
the absorbing material. A separate 
experiment was performed to demon- 
strate that this arrangement really pro- 
vides narrow-beam conditions. For 
broad-beam attenuation measurements 
no diaphragm was used, and the 
concrete absorbers were made in the 
form of 5,000-lb slabs, 8 ft by 8 ft 
by 6 in. The mean density of these 
concrete blocks was 2.35 gm per cc. 


AEC Designs 
**Student’’ Counters 


A “student-type” Geiger-Miiller 
counter, designed for high school 
laboratory use, was demonstrated by 
the New York Operations Office of the 
AEC at the Federation of Science 
Teachers convention in New York on 
December 29. Made entirely of com- 
mercially available parts, the four 
models shown can be built for approxi- 
mately $40 each. 

According to H. LeVine and H. 
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DiGiovanni, designers of the instru- 





ment, the counter differs from con- 
ventional laboratory counters in its 
novel power supply and G-M_ tube 
output circuitry. The device utilizes 
an interrupter-type power supply fed 
by two 1!9-volt batteries. The pulse 
voltage from the interrupter relay is 
passed through a step-up transformer 
and is converted to direct current by a 
cold-cathode rectifier tube (or a sele- 
nium rectifier stack). The voltage is 
smoothed by a 0.005 uf high voltage 
capacitor. This arrangement develops 
1,000 volts d-e which is stabilized to 
within 1° by a corona-discharge 
voltage regulator to provide steady 
high voltage for the G-M tube. 

The signal output of the G-M tube 

can be read in three ways: 

1. Rate meter  circuit—calibrated 
microammeter is used. 

2. Neon flasher integrator circuit 
frequency of flashes indicates 
radioactive source strength. 

3. Audio indicator circuit—compari- 
son with the rate of clicks of 
a standard sample provides rough 
measure of sample activity. 

Instructions for assembling and test- 

ing these counter circuits and circuit 





diagrams are available from U. §8. 
Atomic Commission, N. Y. Opera- 
tions Office, 70 Columbus Ave., New 
York 23, N. Y. 


Chalk River Conference 
Recommends Tolerance Values 
At the Chalk River, Ontario, con- 
ference of the radiation protection 
committees of the United States, Great 
Britain and Canada on September 2% 
and 30, various values for maximum 
permissible exposures and concentra- 
tions were recommended. Dr. Conrad 
P. Straub, in his recent talk ‘‘The 
Sanitary Engineering Aspects of Radio- 
active Waste Disposal’’ (at the AAAS 
meeting in New York), discussed and 
presented some of the recommended 
values, presented in Tables 1 and 2. 





TABLE 1 
Weekly Tolerance Values 


Type of Radiation Value per Week 


X—or gamma radiation 0.31 
Beta 0.3 rep 
Alpha 0.015 rep 


0.03 rep 
0.06 rep 


Fast neutron 
Thermal neutron 





TABLE 2 
Permissible Amounts and Concentrations of Radioisotopes that Become Fixed in the Body 
(As Applied to Plant Personnel)* 


Marimum Permisstble Concentration 


Varimum Permissible weer mg /litert 
Element Amount in the Body Au Water (in water) 
cis 30 we 10-¢ 1.9 x 10°"f 
Na? 15 ue 1076 5 x 10"? 5.5 X 107! 
P32 10 we 2 x 1078 2x10 6.8 x 10-"° 
S35 200 ue 10°° 107? 2.3 x 10°" 
[13 0.1 we 10-9 10-5 7.8 x io" 
Ra226 0.1 ugem 2x 10°" 4x 10° 4x10" 
Sr®*° y® 190°" 2x 10° 1.5 x 10° 


* All values in the table are divided by an 
applied to large centers of population. 


T These values were computed by Dr. Straub. 


t In air. 


additional factor of safety of 100 when they are 
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Engineering Developments in the Gas- 
eous Diffusion Process (Div. II, Vol. 
16, of National Nuclear Energy Series), 
edited by Manson Benedict and Clarke 
Williams, McGraw-Hill Book Co., Inc., 
New York, 129 pages, $1.25. Reviewed 
by Richard S. Morse, President, Na- 
tional Research Corporation, Cambridge, 
Massachusetts. 


This book covers, under four sections 
written by different authors, a variety 
of unrelated subjects, each of which 
were of importance to the successful 
operation of the gaseous diffusion plant 
at Oak Ridge. 

Part I covers the design, construc- 
tion, and operating characteristics of 
three extremely useful devices: a re- 
cording spectrometer for process gas 
analysis, a recording ionization cham- 
ber, and a magnetic gear for torque 
transfer. A fairly detailed description 
of the design and construction of each 
device is given, together with results 
obtained under operating conditions in 
the gas diffusion plant. 

Part II describes developments in 
vacuum engineering which to a large 
extent resulted from the extremely 
rigid requirements for tightness of 
equipment at the K-25 plant. In 
Chapter 4, complete information is 
given for the design and operation of 
the now well-known vacuum leak de- 
tector based on the mass spectrometer 
principle. Jacobs and Zuhr in Chapter 
5 review the various problems of leak 
detection and give recommended pro- 
cedures and specifications based on the 
experience at Oak Ridge. 

Part III contains only one chapter 
which involves a detailed discussion of 
the theory of heat and mass transfer as 
applied to the design of cold traps used 
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to condense gases to the solid phase. 
The rate of solid deposit is expressed in 
terms of gas flow, and various relations, 
such as composition in the solid phases 
in terms of heat transfer, etc., are 
developed. 

Chapter 6 includes complete engi- 
neering data on the absorption of UF, 
in a nonaqueous system employing oil. 
A comparison is made with existing data 
for other systems with lower molecular 
weight materials, and the problems of 
correlating such data as available in the 
chemical engineering literature are 
discussed. 

In Chapter 8 there is a description 
of the design problems and operating 
characteristics of a continuous fluorine 
disposal plant. Operation is based on 
the use of caustic soda with continuous 
chemical regeneration to reduce the 
sodium fluoride concentration. 

A two-page but incomplete account 
of the reaction of fluorine oxide (F.O) 
with sodium hydroxide is given in 
Chapter 9. 


Radioactive Tracer Techniques, by 
G. K. Schweitzer and Ira B. Whitney, 
D. Van Nostrand Co., Ine., New York, 
1949, 241 pages, $3.25. Reviewed by 
Robert B. Duffield, Physics Research 
Laboratory, University of Illinois. 


This book is an elementary laboratory 
manual for use in a course in radioactive 
tracer work. It contains detailed pro- 
cedures for 28 simple experiments illus- 
trating the use of detection apparatus 
and the application of tracers to chemi- 
cal problems. Representative _ titles 
are: The Lauritsen Electroscope, The 
Geiger-Miller Counter, Measurement 
of Radioactive Liquids, Solubility De- 
terminations, Exchange Reactions, etc. 
For each experiment there is a detailed 
list of the apparatus and radioactive 
material required. 

The first 85 pages (over one-third of 
the book) are devoted to an unneces- 
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sarily extended account of the hazards 
of working with radioactive material. 
This subject is treated much more con- 
cisely and usefully elsewhere, for exam- 
ple, in a publication of the National 
Sureau of Standards. 

This book will be useful to instrue- 
tors wishing to set up an elementary 
course in the use of radioactive tracers. 
It definitely 
be acquired by people doing research 
in this field. 


is not a reference work to 


Electronics: Experimental Techniques 
Div. V, Vol. 1, of National Nuclear 
Energy Series), by W. C. Elmore and 
M. Sands, MeGraw-Hill Book Co., 
Inc., New York, 1949, 417 pages, $3.75. 
Reviewed by William A. Higinbotham, 
Electronics Division, Brookhaven Na- 


tional Laboratory. 


Electronics is a very broad subject 
and ‘‘ Electronics’? even when modified 
by ‘‘Experimental Techniques” is an 
Actually this volume 

“circuitry” for the 


The cir- 


ambitious title. 

is concerned with 
nuclear research laboratory. 
cuits and techniques apply to a much 
broader field than this, and the treat- 
ment is different from any other text 
which I am _ acquainted. It 
appeal to all but the 


with 
should 
sophisticated electronic engineers. 


most 


The volume is not written as a text 
for students, but rather to describe the 
circuits used in nuclear research from a 
practical point of view, with enough 
theory and detail so that the reader can 
build and test and, presumably, im- 
The arrangement 
of the material is logical and assumes 
little of the reader. 

The first chapter is a quick review of 
the ordinary component parts used in 


prove upon them. 


circuit construction. It makes no 
effort to be analytic but emphasizes 
what to look out for, especially when 
components are used unconventionally. 
The second chapter takes up those 
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circuit elements which are the building 
blocks of most complex cireuits—from 
simple RC 


through cathode followers, various am- 


elements and delay lines 
plifiers and a variety of trigger circuits 
All relevant formulas are included, to- 
gether with such useful details as, for 
example, six methods of triggering a 
multivibrator This 
chapter is an excellent introduction for 


back- 


ground is useful but not necessary to 


type of circuit. 


the beginner (some theoretical 
get a practical understanding of how 
these things work And it is especially 


recommended for those professional 
electronics engineers who contemplate 
designing The 


techniques of radar or television are 


nuclear instruments. 


significantly different from those de- 
scribed here. 

In the rest of the book the circuit 
elements are combined to build up most 
of the complete circuits useful in the 
The chapter head- 
ings show the scope: Voltage Amplifiers, 


nuclear laboratory. 


Electronic Counters, Oscillographs and 
Associated Equipment, Test and Cali- 
bration Equipment, Power Supplies and 
Control Circuits. There are plenty of 
circuit diagrams with complete informa- 
tion, graphs, charts, and sketches or 


photographs where the layout is critical. 


In contrast to many circuit diagrams in 
periodicals, these are legible and gen- 
erally laid out logically with signals 
traveling from left to right, high voltage 
at the top and so on. 

The book was intended not to be com- 
plete, but to give enough information 
instruments can be built and 
The 


been 


so that 
intelligently. information 
hardly have 
A few 
found and some of the parts numbers, 


used 


could more com- 


pressed. minor errors will be 
notably pulse transformers, are now 


obsolete. One might wish there had 
been more references. 

The field of nuclear instrumentation 
is rapidly changing but, fortunately, 


the information is still valid and impor- 
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tant. The tubes one may use may be 
different today, but this will be a very 
useful handbook for the circuit builder 
for many years to come. 
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Benscoter, John Wiley & Sons, Inc., 
New York, Chapman & Hall, Ltd., 
London, 1949, $2.50. 


OTHER LITERATURE 


A Guide for Contracting of Construc- 
tion and Related Engineering Services, 
U. S. Atomic Energy Commission. 
Booklet contains information on vari- 
ous types of contracts used by the AEC, 
including lump-sum, fixed-price, and 
cost-plus-a-fixed-fee contracts, and de- 
scribed steps firms should take to be 
considered for types of work where bids 
cannot be solicited by formal advertis- 
ing. Available from Superintendent of 
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Documents, U. S. Govt. Printing Office, 
Washington 25, D. C., 10 cents. 


Review of Current Research and Direc- 
tory of Member Institutions (Engineer- 
ing College Research Council of the 
American Society for Engineering Edu- 
cation). Available from F. M. Dawson, 
Chairman, in care of the College of Engi- 
neering, State University of Iowa, Lowa 


City, Lowa, $1.75. 


United Nations Atomic Energy Com- 
mission, Official Records, 4th Year, 
Special Supplement No. 1. Recom- 
mendations of the Atomic Energy Com- 
mission for the international control of 
atomic energy and the prohibition of 
atomic weapons as approved at the 
Third Session of the General Assembly. 
Available from Columbia University 
Press, Morningside Heights, New York, 
80 cents. 


High-Frequency Voltage Measurement, 
National Bureau of Standards Circular 
481. Available from Superintendent of 
Documents, U. S. Govt. Printing Office, 
Washington 25, D. C., 20 cents. 
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DEAR SIR: 

I read with great interest Mr. den 
Hartog’s excellent paper on ‘‘Speed of 
Operation of Geiger-Miiller Counters’”’ 
(NucLEonIcs, Sept. 1949, p. 33). I 
feel, however, that I should comment on 
his last paragraph, in which he refers 
to the quench circuit described by 
Florida, Davey and myself and ex- 
presses the view that its applicability is 
limited, by comparison with previously 
described circuits. 

While agreeing that the circuit has its 
limitations, I believe that, in practice, 
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these limitations restrict its usefulness 


less than do the limitations of other 
quench circuits. This is supported by 
the fact that some 300 quench circuits 
at this establish- 


in this country. 


of this type are in use 


ment and elsewhere 

When we embarked on the design, we 
decided that the circuit must be capable 
cathode of the 


counter grounded, since, in this country 


of operation with the 


it any rate, the majority of counters in 
use are of the end-window beta type 
with a metal envelope forming the cath- 
ode. While it is admittedly not impos- 
cathode of this type 
of counter at a negative potential with 


sible to operate the 


respect to ground, or to obtain a pulse 
>a quench circuit, it is 
The 


to use a d-c 


from it to operate 
often very inconvenient to do so. 
alternatives are, therefore, 
coupled quench circuit, the majority of 
the components of which must be at a 
high positive potential, or to use an a-c 
The alternative 
because of the 


coupled circuit. first 


is inconvenient care 
needed in construction and the difficulty 
of supplying the necessary tube voltages 
available sources. (This 


from readily 


applies to the circuit described by den 
Hartog if the cathode of the counter is 
We therefore decided that 
the a-c coupled circuit would be more 
useful despite its inability to 


grounded 


widely 
‘‘rescue’’ a counter capable of going 
into a smooth discharge. 

A circuit having the widest possible 
application would be one combining the 
advantages of both arrangements, but 
no such circuit seems to have been de- 
date. Where 


used, the problem is, of 


scribed to low-voltage 
counters are 
course, somewhat easier and den Har- 
tog’s ingenious circuit is very suitable. 

Mr. K. Kandiah, of this establish- 
ment, has recently carried out some 
using the quench circuit 
described by us, with a Geiger-Miiller 
counter containing no quenching agent, 
and the results so far obtained indicate 


that operation is satisfactory until a dis- 
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experiments, 


charge happens to occur in the counter 
a few microseconds after the end of the 
At this time the 


above 


quench period. volt- 


age on the counter has 
threshold, but the 


not yet recovered its normal sensitivity 


risen 
quench cireuit has 
and such discharge is therefore not 
quenched. 

To obviate this effect, Mr. Kandiah 
has experimentally added an auxiliary 
flip-flop circuit with a relaxation time 
of about 10 usec. This 
slightly longer than the period following 


period is 


the end of the quenching pulse during 
which the quench circuit is insensitive. 
The auxiliary 
every pulse delivered by the counter 
10 psec later, 


circuit is triggered by 


and generates a pulse 
which triggers the quench circuit if the 
latter has not already been triggered by 
the original pulse from the counter. 
Thus, 
quench circuit is unable to rescue the 


on the rare occasions when the 


counter immediately, it rescues it, in 
any case, 10 usec after the discharge has 
begun. 

Experiments, which are 
plete, indicate that this expedient per- 


not yet com- 


mits an a-¢ coupled quench circuit to be 

used reliably with a counter containing 
no quenching agent. 

Ek. H. Cooke-Y ARBOROUGH 

Ministry of Supply 


Atomic Energy Research Establishment 
Harnwell, Didcot, Berkshire, England 


Dear SIR: 

May I eall 
erroneous statement on page 88 of the 
November, 1949, NucLEeonics referring 
to ““AEC, Notre Dame Sponsor New 
Atom Smasher.” The two-million-volt 
electrostatic generator is not being 
built at Notre Dame, but is purchased 
from our company, the High Voltage 
Engineering Corporation here in Cam- 
bridge, Massachusetts. 


your attention to an 


Rosert J. CALDWELL 
Radiation Division 
Unginee ye en 
assachusetts 


High Voltage E 
Cambridge 
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NUCLEONIC EVENTS 








$817-MILLION BUDGET ASKED FOR OPERATION OF AEC 


In his budget message delivered recently to Congress, President Truman 
called for an increase in the Atomic Energy Commission program to an 
estimated $817-million in 1951. 
$196-million over the 1949 expenditures, 
defense requirements and also continued exploration of atomic energy for 


industrial and other peacetime pur- 
poses. Cost of the reactor program 
will jump from approximately $17- 
million in 1949 to close to $38-million 
in the 1951 estimate. 

Actual weapons costs rise from $91- 
million to $115-million in 1950 and 
$144-million in the 1951 
The AEC explains that the increase 
in the level of operations made possible 


estimate. 


by additional production and research 
facilities accounts for the higher costs 
estimated for 1951. 

The operating costs of all materials 
and operations required to produce 
fissionable materials uranium-235 and 


This figure represents an increase of close to 
£ 


* The message stressed increased 


plutonium show $109-million in 1949, 
$127-million in the 1950 estimate, and 
$139-million in the 1951 estimate. 
The AEC explains that as capacity is 
expanded at Oak Ridge, Hanford, 
and the plants, the 
quantity of fissionable materials pro- 
duced will continue to increase during 
1950 and 1951. The increase in output 
during these fiscal vears, it is expected, 


feed-materials 


will be greater than indicated by the 
increase in cost because of process 
improvements and increased efficiency. 

Emphasis will be placed on the 
development of new types of nuclear 


* Expenditures of the AEC including salaries and expenses; atomic energy, executive allotment; 


payments from proceeds of sales, motor-propelled vehicles, etc.; working fund: 
ee 


1949 1950 


actual 


$620,937,630 $672, 


estimale 


971,274 


1951 
estimate 


$816,754,000 





Description 


Operations (accrued cost basis): 
(a) Source & fissionable materials 
(b) Weapons 
(c) Reactor development 
(d) Physical research 
(e) Biology and medicine 
(f) Community operations 
(g) Program direction and 

administration 
(h) Pay increases 
Total 


1949 
actual 


$108,672,317 
90,654,326 
17,049,736 
26,247,818 
14,660,545 
14,507,018 


21,686,939 


293,478,699 


1950 
estimate 


$127,190,404 
115,056,626 
33,621,000 
31,377,238 
18,983,042 
8,053,548 


22,730,489 
505,435 
$357,517,782 


Accrued Costs by Activities — U. S. Atomic Energy Commission 


1951 


estimate 


$138,753,767 
143,979,563 
37,497,000 
32,182,700 
20,139,418 
7,440,680 


23,406,910 
___ 713,567 
$404,113,605 
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reactors. Physical research, concen- 
trating on the development of new basic 
information of value to developmental 
scientists and engineers in the field, 
increase in cost from $26- 
1949 to approximately 
1951. The program 
includes the production of radio- 
isotopes at Oak Ridge for use in research 


substantial 


shows an 
million in 
$32-million in 


and medical therapy. A 
portion of the program of research in 
carried on at 


institutions. 


sciences is 
universities and other 
The Office of Naval 

operated many of its contracts under 
Indications are 


physical 
Research has 
AEC appropriations. 


that an 
contracts will come directly under the 


increasing percentage of these 


AEC management in 1951. 

The program of biology and medicine 
runs approximately $15-million in 1949, 
1950, and $20-million 
It comprises research in the 


$19-million in 
in 1951 

effects of 
fields of biology, biophysics and medi- 


radiation, research in the 


cine, and dissemination of related 


unclassified information. 


18 AEC-UNIVERSITY PROJECTS 
UNDERWAY IN HANFORD AREA 

In a first-of-the-year report, the 
Hanford Operations Office of the AEC 

that 18 research projects 
$261,713 are underway at 
five educational institutions in that 
area. W. K. Crane, chief of the indus- 
trial health and instrumentation branch 
at Hanford, ad- 
ministration of the contracts. 

The research is being done almost 
entirely by faculty members and post 


disclosed 


costing 


is responsible for 


graduate students. 

University of Washington scientists 
are doing the investigation outlined 
in five of the contracts totaling almost 
$150,000. The largest of these calls 
for a $90,000 annual expenditure for 
fundamental studies approved on a 
five-year basis. Dr. L. R. Donaldson, 
Applied 


director of the university’s 
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Fisheries Laboratory, is in charge of 
basic studies on the effect of exposing 
fish to X-rays, the 1949 Bikini re- 
survey, and other work. 
Dr. C. A. 


of isotope studies in iron metabolism 


research 
Finch is chief investigator 
Two meteorological projects, costing 
$16,100 and $14,768, are being con- 
ducted by Dr. P. E. Chureh and 
Dr. R. G. Fleagle. In the fifth con- 
tract, Dr. D. J. Hanahan has underway 
a $13,100 study of a C-labeled hormone 





ABOUT THE COVER 


N MOST large-scale engineering 

projects, an model of 
the plant or device is first constructed 
to test the complete design. 
of the nature of a nuclear reactor, it ts 
usually not feasible to do this. It is 
thus especially difficult to know how 
the various parts of the pile will react 


operating 


Be Cause 


when running at high temperatures. 
Other test methods must be resorted to. 
The photograph on the front cover 
shows an electrical analog for study of 
temperature distribution in one sec- 


of the Brookhaven The 


ctreuitry simulates a_ section of the 


tion pile. 
pile, and various conditions of the cir- 
cuit stimulate the operating conditions 
of the pile. 
lent of heat flowing, voltage of tem- 
of thermal 


The current is the equiva- 


perature, and resistance 


resistance. Photo 
National Laboratory 


from Brookhaven 
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used in studies of the human body. 

The State College of Washington 
has four investigations in 
with a combined cost of almost $35,000. 
Dr. H. W. Dodgen is directing research 
involving ions in solution under a 
$9,600 contract, and Dr. M. Lindner 
is conducting an $8,910 experiment 
in a search for several unknown iso- 
topes. Plant-life experiments costing 
$15,621 are being made by Drs. 0. 
Biddulph and N. Higanbotham. 

Reed College in Portland has four 
contracts calling for a total expenditure 
of some $40,000. The 
being supervised by Drs. A. F. Scott, 
A. H. Livermore, and F, P. Hungate. 


progress, 


studies are 


Their work is in biology and physics 
and includes an AEC training course. 

The University of Oregon is experi- 
menting with under a 
$14,000 contract directed by Dr. P. L 
The university's medical schoo] 


radioisotopes 


Tisley. 
has three projects, totaling $14,557, 
being supervised by Drs. E. 8. West 
and F. B. Queen. 

Oregon State College 
Drs. T. H. Harris and John Huston, 
are experimenting with 
tracers as a $7,400 project. 
OSC contract for $4,500 
for a study by Joseph Schulein in the 
separation of deuterium from hydrogen 
by means of zirconium metal. 


scientists, 


radioactive 
A second 
provides 


AEC ANNOUNCES PROVISIONS FOR 1950-51 FELLOWSHIPS 


The provisions under which the Atomic Energy Commission fellowship 
program will be administered by the National Research Council of the National 
Academy of Sciences during the 1950-1951 academic year were recently 
AEC and the National Academy of 


announced. 
Sciences, they are as follows: 

1. No new predoctoral fellowships 
will be offered. The AEC plans to 
explore further the desirability of 
sponsoring in some way a predoctoral 
fellowship program in fields relating 
to atomic energy and intends to seek 
the advice of the National Academy of 
Sciences on this question. 

2. New postdoctoral fellowships in 
the physical biology, bio- 
physics, and medicine will be offered, 
but only for advanced training in 
fields of research closely related to the 
national atomic energy program wherein 
access to secret data is required or 


sciences, 


desirable. No 
lowships will be awarded until appli- 
cants have 
character, and 
by the Federal Bureau of Investigation 
and granted full security clearance. 

3. To fulfill previous commitments, 
applications for renewal of current 
non-secret predoctoral fellowships and 
postdoctoral medical fellowships will 
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new postdoctoral fel- 


been investigated as to 


associations, loyalty 


Jointly developed by the 





be accepted. Such renewals, however, 
will be granted only to applicants who 
have been investigated by the FBI 
and granted ‘fellowship approval”’ 
as to loyalty by the AEC, as required 
by the Independent Offices Appropria- 
tions Act for fiscal year 1950, which 
became effective August 24. 

Under the program set up for this 
year, it is expected that about 75 new 
awards will be offered and about 175 
renewals of current fellowships granted. 
Cost of the program during the next 
fiscal year is estimated to be between 
$600,000 to $900,000 depending upon 
the number of new awards that are 
actually made. 

At present there are 421 AEC fel- 
lows, including 403 who are currently 
at work and 18 who will begin their 
studies within the next few weeks. 
Of these, 30 are engaged in research 
work requiring access to secret data 
and have therefore been granted full 
security clearance; and 391 are engaged 
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NUCLEAR ENERGY GLOSSARY 


NUCLEONICS, commencing in its 
March issue, will present selections 
from the “Nuclear Energy Glossary”’ 
to be published by the American 
Society of Mechanical Engineers 
under copyright by the National 
Research Council. 

The terms in the March issue 
will be selected from the section 
on chemical engineering. Later 
issues will contain terms used in 
other phases of nuclear work. 











in non-secret work. Of those in work 
of the latter type, 77 were appointed 
or reappointed after August 24, when 
the 1950 Appropriations Act took 
effect, and therefore have been investi- 
gated and granted fellowship approval 
314 were appointed 
before August 24 and therefore have 


as to loyalty; 
only been required to sign the loyalty 
oath and affidavit 
required of all fellows since May 22. 
Cost of the program during the current 
fiscal year will be about $1,500,000. 


non-Communist 


AEC Refuses Administration 

In establishing the limited program 
for the 1950-1951 academic year, the 
{EC considered and _ rejected the 
possibility that the AEC itself take 
over administration of the program on 
its present basis for the following 
reasons: 

1. The AEC believes any fellowship 
program affecting a substantial number 
of students training in broad and 
established fields of science should be 
administered by a scientific or educa- 
tional organization. While an execu- 
tive agency of the Government may 
properly sponsor such a program, the 
AEC feels it should not administer it. 

2. The National Academy of Sciences, 
for cooperation 
and the 


the senior agency 


between the Government 
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scientific has gone on 


record as opposing FBI investigation of 


community, 


fellows appointed to non-secret work. 
It would be difficult to administer an 
effective fellowship program that did 
not have the full support of the scien- 
tific community. 


Health Physics Program 
The AEC also announced today that 
the fellowships in health physics, 
formerly a part of the administered- 
by-NRC program, 
discontinued, will be continued in the 


predoctoral now 
next academic year although they will 
not be administered by the NRC. 
Alternate arrangements for the ad- 
ministration of the health physics 
program are now being worked out. 
Fellowship awards in health physics, 
of which there will be about 20 next 
year, will continue to be conditioned 
upon FBI 


curity clearance by the AEC, as they 


investigation and full se- 


have been in the past. 

The actions 
not affect the 
carried on at the AEC’s three national 
laboratories by students. 
At present there are 15 such students 
at Brookhaven National Laboratory, 
10 at the Argonne, and 7 at Oak Ridge. 


U. OF MICHIGAN RESEARCH 
CONTINUED BY $7,200 GRANT 


Grants have been made by the pre- 


announced today do 


research work being 


graduate 


liminary planning committee of the 
Michigan Memorial-Phoenix Project 
to further three University of Michigan 
research recently 
announced, 

Of a total $7,200, $3,000 
will go to continue a study by W. H. 
Beierwaltes of the effect of iodine on 
thyroid activity. Another $3,000 will 
make possible the continuation by 
H. R. Crane of his work to develop a 
super-Geiger detect the 
C™ remaining in relics and thereby 
date from 1,500 
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projects, it was 


grant of 


counter to 


historical remains 








to 25,000 years old. The remaining 
$1,200 will be used by R. J. Lowrey 
and R. C. Williams to continue chro- 
mosome investigations using P*?, 


IRE CONVENTION SCHEDULES 
NUCLEAR SCIENCE SESSION 

The 1950 National Convention of the 
Institute of Radio Engineers to be 
held at the Hotel Commodore; New 
York, March 6-9, will include on its 
afternoon program of March 6 a sym- 
posium on ‘‘Nuclear Science and the 
Radio Engineer.” 

The symposium speakers and their 
subjects will be: News of the Nucleus, 
by Urner Liddel; Particle Accelerators, 
by M. 8S. Livingston; Radiofrequency 
Problems Associated with Particle Ac- 
celerators, by J. P. Blewett; Detection of 
Nuclear Radiations, by J. R. Dunning. 


INFORMATION-FOR-INDUSTRY 
GROUP STARTS AEC FILES SEARCH 
A working party of representatives 
of the technical and engineering societies 
and business press, selected by the 
Atomie Energy Commission, recently 
began its examination of declassifiable 
technological information in the field 
of metallurgy with a view to deter- 
mining its possible value to American 
industry (NU, Sept. ’49, p. 80). 
Members of this party are: Keith 
Henney, consulting editor of Nuvu- 
cLeEoNics and Electronics, representa- 
tive of the Institute of Radio Engineers; 
Ss. A. Tucker, American Society of 
Mechanical Engineers; F. J. Van 
Antwerpen, editor, Chemical Engineer- 
ing Progress, American Institute of 
Chemical Engineers; Sidney Kirk- 
patrick, vice president, McGraw-Hill 
Book Co., Inec., editor, Chemical En- 
gineering; EK. E. Thum, editor, Metals 
Progress, American Society for Metals. 
The men in this task force have been 
investigated and given security clear- 
ance to enable them to enter restricted 
areas and examine restricted files. 
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ANNOUNCEMENT 
Remember the adage: Never point | 
a gun at a man unless it is loaded. 


American industry and all the Amer- 

ican people together must cooper- 

ate in the light of the President's 

orders to accomplish an explosion by 

fusion—that is, to make an H-bomb. 

I. Overclassification must stop. 

II. The particles of modern in- 

dustry—alphas, betas, gam- 

mas, neutrons and X-rays— 

must become as widely known 

and used as cars, radios and 
sports. 

III. The monopoly of the people— 
“atomic energy’’—must be 
exercised by all the people. 

See the March NUCLEONICS. 
—The Editor 











67 PATENTS HELD BY AEC 
RELEASED FOR PUBLIC USE 


Descriptions of 67 patents owned 
by the U. 8S. Government and held by 
the Atomic Energy Commission have 
been transmitted to the Patent Office 
for registry and listing in the Official 
Register of Patents Available for Sale. 


WARTIME MEDICAL HAZARDS 
SUBJECT OF AEC COURSE 

The Atomic Commission, 
in cooperation with the National 
Security Resources Board and_ the 
General Services Administration, will 


Energy 


sponsor a series of one-week ‘teacher 


training’’ courses in the medical hazards 
of atomic warfare for selected repre- 
sentatives of the medical profession, 
who in turn, it is expected, will instruct 
physicians, dentists and nurses in local 
areas as part of state and municipal 
civil defense programs. 

The first of the courses will be held 
in March at the Argonne National 
Laboratory, Chicago; the Atomic En- 


ergy Project, Univ. of Rochester, 
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force 
26-N 
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Rochester; and Western Reserve Univ. 
Medicine, Cleveland. Later 
spring, be offered 
Atomic Energy Project, Univ. 
Angeles; the 
School of Medicine, 
the Univ. of Alabama 


School of 
in the will 
at the 
of California at 
Univ. of Utah 
Salt Lake City; 
School of Medicine, Birmingham; and 
Johns Hopkins School of Medicine, 
Baltimore 


courses 


Los 


U. OF CHICAGO-AEC PROJECT 
TO GET ACCELERATOR 


Van de 
accelerator for positive particles will 


A new Graaff electrostatic 
be installed this vear in the new quar- 
ters of the 
Institute of 


Chicago’s 
and Bio- 
The High Voltage Engineer- 


University of 
{adiobiology 
physics 
ing Corporation of Cambridge, Massa- 
which received a 


chusetts, recently 


contract to construct the accelerator, 
will be 


unique in that the homogeneous beam 


announced the apparatus 
of positive particles it will produce can 
be directed horizontally and vertically 
with sufficient ease to make possible 
alternate 


experiments normally — re- 


quiring two such machines. 


IN BRIEF 


>It is reported that Rep. Henry Jack- 
son will sponsor an amendment to the 
MeMahon Act that will facilitate fuller 
xchange of information between this 
ountry and Great Britain and Canada. 
>The Ath 
vas been awarded a contract for most of 


nson-Jones Construction Co. 


the construction work which will be under- 
1950 at the Hanford Works, 
which is operated by the General Electric 
Co. . . . It is reported that $200,000,000 


will be spent on the expansion of Hanford. 


taken in 


> Despite pleas from many cancer pa- 
tients all over the country, the Univer- 
sity of Illinois Medical School has been 
treatments with its 
26-Mev betatron to residents of Illinois. 
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orced to limit 


>AEC Commissioner Sumner T. Pike 
recently stated that the Government is 
spending $7,800,000 on the 
applications of atomic energy 


pe aceful 


> According to Dr. Werner Heisenberg, 
famed German physicist, West German 
scientists will seek Allied permission to 
engage in nuclear research. 


>Allan C. Johnson, chief of engineering 
and construction for Idaho Operations 
Office of AEC, states that tests show an 
adequate underground water supply for 
reactor test station at Arco. 

>Wet 
effective of decontaminating 
exposed Navy vessels. Nine out of ten 
of the Bikini targets ships have been 


sandblasting has been most 


method 


decontaminated. 


>The way to be best in science inter- 
nationally, according to Arthur H. 
Compton, chancellor of Washington Uni- 
versity, is through open interchange of 
ideas which should be carried out without 
release of Military secrets. 


>One man, R. O. Dulaney, of Fort 
Worth, Texas, is now reported to own 
75° of the productive uranium prop- 
erty on Colorado Plateau, chief U. 8. 
source of the ore. 


NUCLEAR NEWSMAKERS 

Irving Langmuir, 1932 Nobel Prize 
winner for his work in surface chem- 
istry, has retired from the General 
Electric Co. He will, however, con- 
work consultant. 


tinue there as a 


Walter S. Macauley, Rear Admiral, 
USN (retired), has been appointed 
assistant executive engineer of the 
Knolls Atomic Power Laboratory in 
Schenectady, N. Y., 
General Electric Company. 


operated by the 


George B. Collins, now chairman of 
the department of physics at the 
University of Rochester, been 


(Continued on page 98) 
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PRODUCTS and MATERIALS 








RADIOACTIVITY DEMONSTRATOR 
and Chemical 
Corp., 223 W. Erie St., Chicago 10, Ill. 
The model 1613 radioactivity demon- 
use, 


Nuclear Instrument 


strator, designed for classroom 
consists of a basic counting instrument, 
a 28-page manual, two radioactive 
sources, a set of lead, aluminum and 
paper absorbers, and a_ calibrated 
mounting device for positioning the 
latter. The provides three 
indications of activity: a neon flasher, 


audible clicks, and a rate meter. 


counter 






PROPORTIONAL COUNTERS 
Nuclear Measurements Corp., 3339 
Central Ave., Indianapolis 5, Ind. 
Utilizing windowless counting chambers 





with full 2r geometry, the models 
PC-2A and PC-2B alpha and beta 
proportional counters have scaling 


94 


factors of 8, 16, and 32 and maximum 
counting rates of 15,000 cpm. An 
alpha background of less than 1 eph 
is claimed for the PC-2A; its counting 
maximum 
sample area of 25 em*. The alpha 
plateau ranges from 700 to 1,000 volts 
with a slope of less than 14% in the 
best 100 volts. With a 1-in. diameter 
chamber bore, the PC-2B has a back- 
Automatic 


chamber accommodates a 


ground of about 5 cpm. 
gas flow control and automatic timing 
up to 20 hours is provided in both 
models of this proportional counter. 





IONIZATION CHAMBER METER 

The Kelley-Koett Manufacturing Co., 
12 E. 6th St., Covington, Ky. The 
Keleket model K-350 gamma survey 
meter utilizes a hermetically sealed 
ionization chamber and a five-range 
meter to measure 0-5, 0-50, 0-500, 
0-5,000 and 0-50,000 mr/hr. Only 
one range is visible at a time on the 


scale-changing meter. Accuracy of 
10% is claimed over an operating 
range from —10 to 125°F. The 


instrument is designed so that it can 
be zeroed in any radiation field. 
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DECADE SCALER 

Tracerlab, Inc., 130 High St., Boston 
10, Mass. Jased on a seale-of-10, the 
SC-7 £100” scaler eliminates interpola- 
tion. Results are read directly from 
two columns of neon indicators and a 
mechanical register on the front panel. 
Iwo plug-in decade scaling units are 
ised: four indicator lights, visible 
vhen the 
ictual each 
the feedback seale-of-10. 
oltage supply is continuously variable 
rom 350 to 2,200 volts. All 
regulated, and change in 
than 0.25% for a 1% 


voltage. \ 


case is opened, indicate the 
position of scale-of-2 in 


Geiger-tube 


power 
supplie Ss are 
less 


) itput is 


hange in line plug-in 
liscriminator input circuit, completely 
shielded to minimize spurious counts, 
s provided, as is a connection for an 


‘ lectric stopclock 


LIQUID FRACTION COLLECTOR 

Specialties Co., 1834 
University Ave., Berkeley 3, Calif. 
The model 650 electric 
used in 


Microchemical 
fraction col- 


ector is conjunction with 
nodels 651 and 666 interval timers for 
fractions of flowing 


ollecting any 


iquids. The 651 timer generates pulses 
vhich control rotation and indexing of 
feels of various 


he ¢ olle etor reels 


iameters are available for handling 
ifferent sizes and numbers of collecting 
The 
sed to control operation of a magnetic 


yntainers model 666 timer is 


ow valve, model 665, which acts as 
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the liquid Volumes from 
0.5 to 50 ml may be"dispensed at inter- 


vals of 1, 5, 15, 30, 60, or 120 min 


dispenser 


POWER SUPPLY 
Furst Electronics, 12 S. Jefferson St., 
Chicago, Ill. With '9 kw maximum 
output, models 1110 and 1110A elec- 
tronically regulated power supplies pro- 
vide continuously adjustable d-c output 
of 175-1,000 volts. Maxi- 
mum current is 0.50 amperes for the 
1110; for the 1110A, 0.33 
Output voltage is claimed to 


voltages 


model 

amperes. 
vary less than 5 volts for line voltage 
105 and 125 volts 
a-c, and a-e ripple voltage is claimed to 
than 20 millivolts. A _ volt- 
ammeter mounted on 


variations between 


be less 
meter and an 
the front panel are permanently con- 
The 
fuses and an 
supply 


nected to the output terminals. 


circuit is protected by 


overload relay. The 


weighs 185 pounds. 


power 


HIGH-VACUUM PUMP 

Distillation Products Industries, 7565 
Ridge Road West, Rochester 13, N. Y. 
The model MCF-300 fractionating oil- 
diffusion pump provides a speed of 
approximately 300 liters per sec in the 
range 10-5 to 1078 Hg. An 
ultimate vacuum of 5 X 10-7 mm Hg 


95 


mm 





















at 25°C is attainable without cold 
traps. With a 4-in 


water-cooled pump casing, the new 


inside diameter 
pump embodies a_ three-stage con- 
centric-cylinder type of fractionating 
jet assembly fitted into an enlarged 
boiler. Because of the large boiler 
area, external heating units can be 
used without danger of burn-out 


TITANIUM TUBING 


Superior Tube Co., Norristown, Pa. 
Commercially pure titanium tubing in 
sizes ranging from 34 to 14 in. outside 
diameter is available in limited quanti- 
ties. Impurities are held to less than 
0.5%. Three standard tempers, an- 
nealed, half hard, and hard drawn, 
are being offered. The annealed tubing 
has a maximum ultimate strength of 
80,000 psi and a minimum yield strength 
of 40,000 psi. 


HIGH-VOLTAGE SUPPLY 


Radio Corporation of America, Cam- 


den, N. J. Available with either 
positive or negative ground, the type 
EME-2 regulated high-voltage d-c 


power supply delivers a maximum 
current of two milliamperes over a 
voltage range of 10 to 50 kv. Voltage 
may be set by means of a fine control 
to within 10°% of the selected voltage. 
Maximum ripple voltage is 5 volts; 
regulation of one part in output voltage 
is Claimed. The unit is housed in two 


cabinets. All 


96 


controls are on the 


driver unit, which contains a regulated 
d-c power supply, r-f oscillator, meter- 
ing circuits, overload protection, and 
interlock circuits. The rectifier unit 
contains an r-f oscillator for heating th« 
rectifier filaments, r-f tank circuits and 
voltage-tripling rectifier tubes, a series- 
resonant ripple trap, and a reference 
voltage divider. The two units are 
connected by four six-foot cables 
Total weight is 150 pounds. 


INSTRUMENT SERVICE 


Atomlab, 489 Fifth Avenue, New York 
17, N. Y., has completed laboratory 
facilities at Center Moriches, Long 
Island, for the repair of all makes of 
radioactivity detection and measuring 
equipment. Also, within 500 miles of 
New York City, Atomlab technicians 
will repair laboratory equipment under 
its field service plan. 


LITERATURE AVAILABLE 


Precision Spectrometer L124. De- 
scribes a new model divided-circle 
spectrometer which reads to one second 
of are. Associated equipment is also 
detailed. The Gaertner Scientific Corp., 
1201 Wrightwood Ave., Chicago 14, Til. 


Leak Detector Bulletin. The Con- 
Model 24-101A, a mass- 
spectrograph leak detector which uses 


solidated 


helium as the probe gas, is described. 
Application to both pressure and 
vacuum systems is discussed. Con- 
solidated Engineering Corporation, 620 
N. Lake Ave., Pasadena 4, California. 


Instrument and Control Valve Catalog 
50. Variable-area primary flow meters, 
electrical and pneumatic transmitters, 
flow rate recorders, controllers, ratio 
controllers, totalizers and batch contro! 
systems are cataloged, together with 
air-operated diaphragm motor valves 
Fischer & Porter Co., 50 County Line Rd., 
Hatboro, Pa. 
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Type WF-99C 


¢ Measures time in microseconds 


¢ Reads directly— 
no interpolation 


¢ Lighted numbers show progress 
of the count 


® Scales to one million 


AS A COUNTER— Counts at rates as high as 
one million per second. Handles regular or 
random pulses. Multivibrator circuits oper- 
ate directly from the output pulses of a 
photo-electric device, a capacitative relay, 
ora magnetic pick-up. Counting is virtually 
instantaneous. 


AS A TIMER— Measures time in one micro- 
second steps up to 999,999 microseconds. 
Well-suited for timing recurrent phenom- 
ena such as light flashes, electrical impulses, 
speed of camera shutters, burning rate of 
explosives, projectile velocities, etc. Also 
useful in measuring time intervals of relays, 
circuit breakers, rotating equipment, and 


SCIENTIFIC INSTRUMENTS 


RADIO CORPORATION 


of AMERICA 


ENGIMEERING PRODUCTS DEPARTMENT. CAMDEN. H.J. 


in Canade: RCA VICTOR Compeny Limited, Montreal 


ICOUNTING RATE-I million a second! 


with the new 


RCA 


counter-timer-scaler 


the like. Accurate to the millionth of a sec- 
ond. Timing element consists of a 1000-kc 
temperature-compensated crystal oscillator 
—self-contained within the instrument itself. 


AS A SCALER— Used in conjunction witha 
suitable nucleonic radiation detector and 
pulse-shaping amplifier, Type WF-99C 
meets exacting requirements for scaling— 
at either regular or random rates as high as 
1 million a second. You read the total count 
directly. No interpolations to bother with. 
Accuracy is unaffected by line-voltage fluc- 
tuations. 
Mail the 


pon for complete data 





Dept. 126B 
RCA Engineering Products 
Camden, N. J. 


Please send me your technical bulletin on 
the Type WF-99C Time Interval Counter. 
Name - 
Address 

City and State- 
Company 
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Nucleonic Events (Continued from p. 93) 





appointed chairman of the accelerator 
project at Brookhaven National Labo- 
ratory. He will replace Milton G. 
White, who has been on part-time 
leave from Princeton University and 
who now returns to fill the Higgins 
professorship in physics there, It is 
expected that Dr. Collins will assume 
his new duties in the Spring. 


A processing advisory committee to 
assist in planning facilities for chemi- 
cal and metallurgical operations at 
the reactor test station at Arco, 
Idaho, has been formed. It consists 
of: F. W. Schumacher, Westfield, 
N. J., associate director of Standard 
Oil Development Company, chairman, 
Stephen Lawroski, chief, Chemical 
Engineering Division, Argonne Na- 
tional Laboratory, Lemont, Ill.; James 
Marsden, chief, Chemistry Division, 


Knolls Atomie Power Laboratory 
Schenectady, N. Y.; F. L. Culler, 
chemical engineer, Reactor Engineering 
Division, Oak Ridge National Labora 
tory, Oak Ridge, Tenn.; and Dick 
Duffey, chemical engineer, Reacto: 
Development Division, AEC, Washing 
ton, secretary. 

John K. Gustafson, who completed th 
two-year period he agreed to serve as 
manager of the AEC’s Raw Materials 
Operations Office and recently resigned 
the post, will be succeeded by his 
deputy manager, Jesse C. Johnson. 
Dr. Gustafson will become consulting 
geologist of the M. A. Hanna Com- 
pany, Cleveland, O. 

Louis A. Turner, on completion of his 
1949-50 academic year as head of 
the department of physics at The 
State University of Iowa, will assume 
new duties as director of the division of 
physics of Argonne National Lab. 





SOURCE of DC from AC VOLTAGE 


M4 


REGULATED, STABILIZED AND 
VARIABLE FROM 0-30 VOLTS 








WRITE TODAY FOR 


VARICELL, a new unit developed by The 
Superior Electric Company, delivers DC volt- 
age, variable from 0 to 30 volts, from an AC 
source, Output is regulated; unit automatically 
compensates for load fluctuations. Output is 
also stabilized; held to set values regardless 
of line variations. 

Following are characteristics: Stabilization and 
regulation, 0.25% for output settings between 
6 and 30 volts. R.M.S. ripple voltage does not 
exceed +0.1 volts. No extras, no accessories 
needed; single unit gives stabilized and regu- 
lated variable DC voltage — from 0 to 30 
volts — from any 95-135 volt, 60 cycle, single 
phase AC line. 


COMPLETE INFORMATION MPL Um deb ELECTRIC CO. F 


1102 MEADOW ST. 
BRISTOL, CONN. 
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BRISTOL, CONNECTICUT 
POWERSTAT VARIABLE TRANSFORMERS * VOLTBOX A-C POWER SUPPLIES » STABILINE VOLTAGE REGULATORS 
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